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Interchangeable 
Manufacturing 
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Practical  treatise  on  the  Art  of  American  Tool  Mak- 
ing and  Systi  m  of  Interchangeable  Manufacturing  as 
cat  i  ied  on  to-day  in  the  United  States.  Describing  and 
illustrating  all  ol  the  different  tvpes  and  classes  of 
small  Tools.  Fixtures,  Dei  v  >  s  and  Special  Appliances 
which  are  in  general  use  in  all  machine  manufacturing 
and  metal  working  establishments  where  econ 
capacity  and  interchangeability  in  the  production  of 
machined  metal  parts  are  imperative.  544  panes.  600 
illustrations $4.00 
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AS,  GASOLINE  AND 
OIL    ENGINES 


By  Gardner  D.   Hiscox,  M.  E. 


This  work  treats  on  all  classes  of  Gas,  Gasoline  and 
Oil  Engines-    Their  construction,  manufacture,  opera- 
nd care  being  described  and  illustrated.     If  you 
run  or  own  a  gas  engine  you  need  this  work.    412  i 
Fully  illustrated.     Twelfth  Edition,  Revised  and  En- 
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SHOP  TOOLS 

By  W.  H.  Vahdervoort,  M.  E. 

An  entirely  new  and   fully  illustrated  work,  tn 

the  subject  in   a  concise  and  comprehensive  manner. 

Thoroughly  practical.       Fully  illustrated  with  cuts  of 

n;  iols.    A  book  in  which  the  machinist  will  find 

a  thorough  course  of  instruction.     550  pages,  073  illus- 
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as  Engines  and 
Producer  Gas  Plants 


By   K.  B,   Mathot. 


A  practical  treatise  on  the  construction,  selection, 
purchase,  installati  i  in  and  maintenance  of 
gas  engines,  and  the  generation  of  producer  gas  and 
its  utilization  in  gas  engines $2.50 
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lectric  Furnaces  and  their 
Industrial  Applications 


By  J    Wright. 


The  only  Work  on  the  Subject.  Contains  285  pages. 
and  57  illustrations,  which  are  essentially  in  the  natin  e 
of  sectional  diagrams,  representing  principles  of  con- 
struction. This  is  a  timely  and  practical  treatise  on 
the  forms  and  uses  of  electric  furnaces  in  Modern 
Electro-Chemical  processes.  It  is  of  special  value  to 
those  desirous  of  qualifying  themselves  to  fill  important 
positions  in  Electro-Chemical  Establishments  .   $3.00 
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processes  for  Heating.  Annealing,  Forging  .Welding, 
Hardening  and  Tempering  of  Steel.  This  is  the  best 
practical  work  that  has  been  often  d  to  the  smith  and 
toolmaker  in  some  time.  The  text  is  remarkably  well 
arranged  and  illustrated.  Contains  2S0  pages  ai 
illustrations $2.50 
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and  Use 


By  Joseph  V.  Woodworth,  M.  E. 
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in.  tils.  It  shows  how  dies  are  designed,  made  and 
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secure  a  copy.  Right  up  to  date.  100  pages,  600  illus- 
trations      $3.00 
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Important  Announcement 


Readers  of  TIIK  TECHNICAL  WORLD  will  be  gratified  to  learn  that  the  Great 
Reference  Work  upon  which  THE  SCIENTIFIC  AMERICAN  has  been  so  long  engaged 
is  ;it  last  completed.     After  years  of  patient  labor  and  research,  and  with  the  co-opera- 
t  America's  foremost  scholars  and  experts, 

The  New  Americans 

stands  as  an  achievement  which  has  already  met  with  the  enthusiastic  approval  of  the 
American  people. 

The  AMERICANA  is  the  work  which  the  condition  of  affairs  in  the  Encyclopedia 
world  made  necessary.  Before  ever  a  line  was  written  for  this  great  work  the  Ideal 
was  set :  A  National  Work — Universal  in  its  Information — American  in  its  Production. 

The  AMERICANA  is  distinctly  a  National  Work.  It  is  made  by  Americans. 
Every  section  of  America  has  been  called  upon  to  contribute,  and  for  the  first  time  in 
encyclopedia  making  North,  South,  East  and  West,  Canada  and  South  America  have 
had  full  and  true  representation. 

The  AMERICANA  is  new  from  cover  to  cover— new  and  beautiful  type,  new 
maps,  new  engravings  and  plates  in  color,  new  text  illustrations,  and  best  of  all,  new 

AND  ORIGINAL  TREATMENT  THROUGHOUT  by  more  than 

One  Thousand  American  Scholars  and  Special  Writers 

The  AMERICANA  is  the  only  encyclopedia  made  in  this  country  by  a  thoroughly 
organized  body  of  skilled  experts  and  literateurs,  each  selected  for  "his  special  fitness 
and  intimate  acquaintance  with  the  subject  assigned  to  him.  These  trained  and  pro- 
gressive workers  have  struck  out  into  new  paths;  they  have  proceeded  upon  an  entirely 
new  plan,  and  that  plan  embodies  the  idea  which  has  made  our  country  the  wonder  of 
the  nations  —  the  idea,  of  reaching  the  core  of  things  by  the  shortest  method.  This 
is  the  American  plan.  You'll  catch  the  spirit  of  it  as  you  turn  the  pages  of  the  work 
and  note  its  conciseness  yet  comprehensiveness,  while  the  names  of  the  eminent  writers 
of  the  signed  articles  are  an  ample  assui'ance  of  accuracy  and  authoritativeness.  The 
AMERICANA  has  commanded  the  services  of  so  many  American  educators,  scholars 
and  experts  as  to  fully  justify  its  title  of  America's 

Great  National  Reference  Library 


"I  am  truly  delighted  with  the  tone 
and  arrangement  of  this  strictly  Am- 
erican publication." 

—  B.  J.  Cigrano,  Director  Chicago 
Public  Library. 


"The  treatment  throughout  is  thor- 
oughly  American,  and  conspicuously 
so  in  its  wonderful  compression.  It 
goes  straight  to  the  core  of  each  sub- 
ject."—Edgar  M.  Barber,  C.  P.  A. 
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Free   On   Request 


No  mere  advertisement  can  convey  an  adequate  idea  of  the  vast  interest  and  im- 
mense utility  of  the  AMERICANA,  or  of  its  exceptional  value  and  sumptuous  appear- 
ance. We  have  therefore  prepared  for  distribution  among  those  really  interested,  a 
handsome  140-page  book  containing  specimen  pages,  maps,  full-page  plates,  duo  tones, 
color  plates  and  text  illustrations,  with  J&  portraits  oj  celebrities,  full-page  photographic 
plates,  showing  the  fastest  train  in  the  world,  the  largest  steamship  ever  built  in  Am- 
erica, the  famous'  Flat-iron  Building,  New  York,  the  stage  mechanism  for  the  Opera 
of  Parsifal,  etc. 

We  send  you  this  beautiful  and  expensive  book  FREE  on  l-eturn  of  Information 
Bl  \nk  here  printed.  You  will  thus  be  able  to  decide  quickly  and  intelligently  whether 
the  AMERICANA  is  not  just  the  work  you  want  for  personal  use,  or  for  your  family, 

in  which  vou  are  interested. 


' '  I  consider 
it  in  every  re- 
spect the  best 
encyclopedia 
published." 
-P.  N.  John- 
stone, Refer- 
ence Librar- 
ian, New  York 
Public  Li- 
brary. 


"The  work  breathes 
the  spirit  of  today  even 
in  the  description  of 
things  ancient.  It  ex- 
plores the  dark  corners 
of  the  past  by  the  aid  of 
the  arc  light  and  ra- 
dium."—St.  Paul  Pio- 
neer Press. 
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THE  AUTOMOBILE  HAND-BOOK 

A  work  of  practical  information  for  the  use  of 
Owners,  Operators  and  Automobile  Mechanics 

Giving  full  and  concise  information  on  all 
questions  relating  to  the  construction,  care 
and  operation  of  gasoline  and  electric  auto- 
mobiles, including  Road  Troubles,  Motor 
Troubles,  Carbureter  Troubles,  Ignition 
Troubles,  Battery  Troubles,  Clutch  Troubles, 
Starting  Troubles. 


Pocket  size,  4x6£.     Over  200  pages. 

With  numerous  tables,  useful  rules  and  for- 
mulas, wiring  diagrams  and  over 
100  illustrations,  by 

L.  Elliott  Brookes, 

Author  of  the  "  Construction  of  a  Gasoline  Motor." 

This  work  has  been  written  especially  for  the  prac- 
tical information  of  automobile  owners,  operators  and 
automobile  mechanics.  Questions  will  arise,  which 
are  answered  or  explained  in  technical  books  or  trade 
journals,  but  such  works  are  not  always  at  hand,  or 
the  information  given  in  them  not  directly  applicable 
to  the  case  in  hand. 

In  presenting  this  work  to  readers  who  may  be  in- 
terested in  automobiles,  it  has  been  the  aim  to  treat 
the  subject-matter  therein  in  as  simple  and  non-tech- 
nical a  manner  as  possible,  and  yet  to  give  the  prin- 
ciples, construction  and  operation  of  the  different  de- 
vices described,  briefly  and  explicitly,  and  to  illustrate 
them  by  showing  constructions  and  methods  used  on 
modern  types  of  American  and  European  cars. 

The  perusal  of  this  work  for  a  few  minutes  when 
troubles  occur,  will  often  not  only  save  time,  money 
and  worry,  but  give  greater  confidence  in  the  car, 
with  regard  to  its  going  qualities  on  the  road,  when 
properly  and  intelligently  cared  for. 

In  conclusion  it  may  be  stated  that  at  the  present 
time  nearly  all  automobile  troubles  or  breakdowns 
may,  in  almost  every  case,  be  traced  to  the  lack  of 
knowledge  or  carelessness  of  the  owner  or  operator  of 
the  car,  rather  than  to  the  car  itself. 

16mo.  Over  200  pages,  and  over  100  illustrations. 
Popular  edition,  Full  Leather  Limp — Price.  Net,  81.50. 
Edition  de  Luxe,  Full  Red  Morocco,  Gold  Edges — 
Price,  Net,  S2.00. 


PRACTICAL    ROOKS  —  Written  in  Plain  English 


Modern  Wiring  Diagrams  and  Descriptions,  by  H.  C.  Horst- 
man  and  V.  H.  Tousley,  160  pages,  200  illustrations, 
leather  binding.    Price  $1.50. 

Electricity  Made  Simple,  by  Clark  C.  Haskins,  220  pages, 
160  illustrations,  cloth  binding.     Price  $1.00. 

Dynamo  Tending  for  Engineers,  by  H.  C.  Horstman  and  V. 
H.  Tousley,  250  pages,  100  illustrations,  cloth  binding. 
Price  $1.50. 

Easy  Electrical  Experiments,  by  L.  P.  Dickinson,  250  pages, 
200  illustrations,  cloth  binding.    Price  $1.00. 


Practical  Telephone  Handbook,  by  T.  S.  Baldwin,  200  pages, 
fully  illustrated.     Price  $1.00. 

Electrical  Dictionary,  by  Wm.  L.  Weber,  M.  E.;  the  book  is 
of  a  convenient  pocket  size,  being  25sx5l2  inches,  224 
pages,  fully  illustrated,  full  leather,  gold  edges,  indexed. 
Price  50  cents. 

Modern  Electro  Plating,  by  J.  H.  Van  Home,  189  pages, 
27  illustrations,  handsomely  bound  in  cloth,  indexed. 
Price  $1.00. 

Swingle's  Handbook  for  Steam  Engineers  and  Electricians, 
by  C.  F.  Swingle.  M.  E.,  600  pages,  hundreds  of  fine  en- 
gravings, bound  in  full  leather.     Price  $2.50. 


Any  of  the  above  books  sent  post-paid  to  any  address  in  the  world  on  receipt  of 
price.  Your  money  cheerfully  refunded  if  the  books  are  not  as  represented.   Address 

FREDERICK  J.  DRAKE  ty  CO.,  iiVo^l'^^Vi; 

200-211  EAST  MADISON  STREET,  CHICAGO 
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ANNOUNCEMENT 

1HIS  new  revised  work,  which  has  been 
prepared    to    meet   the    increasing    de- 
JL      mand   for   a   thorough   treatise  on  the 
subject  of  motor  carriages,  cannot  fail 
to  have  a  wide   circulation   and   prove  of  im- 
mense  value    to  all  persons  interested  in  the 
subject.     In    the    course   of   the  672  pages,  it 
presents  all  the  important  elements  of  automo- 
bile construction  in  clear,  concise  and  popular 
language,  readily  comprehensible  by  any  reader, 
but  at  the  same  time  goes  into  all  matters  with 
a  thoroughness  that  renders  it  a  useful  hand- 
book even  to  skilled  engineers  and  machinists. 
The  treatise  on  the  gasoline  engine  cannot 
fail  to  prove  valuable  to  anyone  interested  in 
explosive   motors,   which  are  daily  coming  to 
the  front  as  the  readiest  and  most  convenient 
source  of  power. 

The  price  of  this  popular  edition  is  $2.00,  and 
as  an  insurance  against  accidents,  caused  by  ignorance  of  the  principles  of  oper- 
ation  of  which  there  are  a  lamentable  number  recorded  every  day  —  no  one 

interested  in  the  subject  can  afford  to  do  without  a  copy  of  this  timely  volume. 


PLAN    OF    BOOK 

I.— The  Types  and  Merits  of  Automobiles.  II.— A  Brief  History  of  Self-Propelled  Vehicles.  III.— How  a  Motor 
Carriage  Turns.  IV.  —  Steering  a  Motor  Carriage.  V.— Devices  for  Combining  Steering  and  Driving.  VI.— The 
I'nderframes  of  Motor  Cars.  VII.  —  Springs,  Radius  Rods  and  Jointed  Shafts.  VIII.  — Motor  Carriage  Wheels. 
IX  Solid  Rubber  Tires.  X.— The  Use  and  Effect  of  Pneumatic  Tires.  XI.- Construction  and  Operation  of  Brakes. 
XII.— On  Ball  and  Roller  Bearings.  XIII.— On  the  Nature  and  Use  of  Lubricants.  XIV.  — General  Principles  of 
Gas  Engine  Operation.  XV.— The  Pressure,  Temperature,  and  Volume  of  Gases  in  a  Gas  Engine.  XVI.— The 
Methods  and  Conditions  of  Gas  Engine  Cylinder  Cooling.  XVII.— Conditions  Resulting  from  Combustion  of  the 
Fuel  Charge.  XVIII. — Gas  Engine  Efficiency.  XIX.  — Estimating  the  Horse  Power  of  Gas  Engines.  XX.— On 
Carburetors  and  Vaporizers.  XXI.— On  the  Methods  of  Firing  the  Charge.  XXII.  — Development  of  Gasoline 
Motors  by  Daimler  and  His  Successors.  XXIII.— The  Construction  and  Control  of  Typical  Gasoline  Carriages. 
XXIV.— General  Principles  of  Electricity.  XXV.— Electrical  Gauges.  XXVI.— Construction  of  the  Dynamo  Electri- 
cal Generator  and  Motor.  XXVII.—  Operation  of  Electrical  Generatorsand  Motors.  XXVIII.— Motors  for  Electrical 
Vehicles.  XXIX.— Practical  Points  on  Motor  Troubles.  XXX.— Methods  of  Circuit  Changing  in  Electric  Vehicles. 
XXXI.— Construction  and  Operation  of  Storage  Batteries.  XXXII.  — Steam  and  its  Use  as  a  Motive  Power 
XXXIII.— Construction  and  Operation  of  a  Steam  Engine.  XXXIV.  — Small  Shell  and  Flue  Boilers  for  Steam 
Carriages.  XXXV.— Of  Water  Tube  Boilers  and  Their  Use  in  Steam  Carriages.  XXXVI.— Flash  Steam 
Generators.  XXXVII.— The  Testing  and  Regulating  Attachments  of  Steam  Boilers.  XXXVIII— Boiler 
Feeders  and  Water  Level  Regulators.  XXXIX.— Liquid  Fuel  Burners  and  Regulators.  XL.— Simple 
Steam  Carriage  Engines.  XLI.  — Single-Acting  Steam  Carriage  Engines.  XLII.— Compound  Steam 
Engines.  XLIII.— Hints  on  Gasoline  Vehicle  Management.  XLIV.— Gasoline  Motor  Cycles. 
, — A 


T.W. 
Mar. 


Date 


SEND  FOR  SPECIMEN  PAGES' 


The  book  contains  672  pages,  over  500  diagrams  and   illus- 
trations, printed    on  fine  paper,    size  5%x8)£    inches,  with 


generously  good  binding. 


THEO.  AUDEL  £y  COMPANY 

EDUCATIONAL  BOOK  PUBLISHERS 


63  Fifth  Avenue 


New  York  City 


T2nclo8i  dfind 

two  dollars  for 
which  mail  me,  post 
paid,  one  copy  "Homans' 
Automobile  Educator." 
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CLUBBING  OFFER' 

GOOD   ONLY    UNTIL    MARCH    15,  1905 

THE  TECHNICAL  WORLD 

(regular     subscription    price     $  2 . O o) 

and  any  one  of  the  following  {£  ^  ^fcO 
magazines  will  be  sent  lor  one  *r  B  *^^^ 
year   to   any   address  for  -      -      -  J^  - 


The  Technical  World  and  American  Electrician  for 

The  Engineer  for    - 


Machinery  for    -----      i 

Success  for     ------      i 

Pearsons  for       - 
American  Boy  for   - 
Ladies  Home  Journal  lor 
Cosmopolitan  for     - 
Good  Housekeeping  for    - 
Everybodys  for       -     -     - 
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-CUT    OUT    AND    MAIL    TO- 


T.  W.  March 


THE    TECHNICAL   WORLD 

3321  Armour  Avenue,  Chicago,  111. 

Gentlemen: — Inclosed    please    find    $1.50  for   which   please  send   The  Technical  World 
and  magazine  indicated  below  for  one  year  according  to  the  following  directions: 


The  Technical  World  to  (Name) 


(St.  and  No.) 


(City! 


(State). 


and_ 


.to(Name). 


Nante  of  ivHication. 


(Date). 


(St.  and  No. 
(City) 


(State). 


Name 


Address_ 


of  sender 

This  flace  for  name  and  address  o<~ ferson  sending  us  the  clubbing  ofei 
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We  want  to  give  you  this 

Lightning  Calculator 


Free 


The  Greatest  Labor-Saving  WorK  on 
Figures  Ever  Published. 


A 


BSOLUTELY  INVALUABLE  to  merchants,  mechanics, 
manufacturers,  bankers,  machinists,  clerks  or  anyone 
who  handles  figures.       The  Greatest    Book  of  its 
kind  the  world  has  ever  known.     The  answer  to  any 
question  is  as  easily  found  as  a  word  in  a  pocket  dic- 
tionary.    This  book  required  35  years'  work  to  complete 
it.    No  matter  who  you  are  or  what  your  business,  this  book 
prevents   mistakes,    relieves    the   mind,   saves   labor,    time  and 
money,  makes  you  independent,  sure  and  self-reliant  in  figures. 

Ropp's  New  Calculator  is  the  Final  consummation  of 
devising- and  improving  system  after  system:  of  spending  thou- 
sands of  dollars  in  experimenting  and  in  making  millions  of  mis- 
cellaneous calculations. 

It  is  a  Calculator  that  positively  Calculates  with  light- 
ning speed,  not  merely  a  limited  number  of  Easy  examples,  but 
almost  every  conceivable  example  or  problem  that  may  occur  on 
the  farm,  in  the  Store,  Shop.  Bank,  Office  or  Coun  tin  groom. 
Furthermore,  it  clearly  teaches  all  the  Latest,  Shortest  and  Easiest  Methods  known.  If  you  prefer  to  do 
your  own  calculating  with  ease,  speed  and  accuracy,  you  should  have  this  wonderful  book.  It  will  teach  you 
more  about  lightning  Calculation,  and  in  a  shorter  time  than  all  the  so-called  "Lightning  Calculators"  com- 
bined. 

The  ROPP  System  is  a  universal  system  of  Tables,  showing  at  a  glance  the  cost  of  articles  sold  by  the 
Bushel,  Pound,  Hundred,  Thousand,  Ton,  Dozen,  Yard  or  Gallon. 

The  PERCENTAGE  Tables  are  constructed  on  the  Quadruplex  system,  and  are  far  more  comprehensive 
and  convenient  than  any  system  ever  published  before. 

They  show  the  Interest  on  any  sum,  from  25c  to  $10,000,  for  years,  months  and  days,  at  regular  rates. 
Without  Turning  Pages  ;  both  on  the  360  and  365  day  basis  (page  143). 

They  show  the  Net  Proceeds  of  any  bill,  discounted  at  over  200  different  rates— from  1-16  of  1$,  to  90  and 
40  '  <>tT.  This  new  feature  will  greatly  assist  Dealers  and  Jobbers  who  buy  and  sell  at  various  discounts,  in  fix- 
ing the  prices  and  profits  on  goods. 

They  show  the  Present  Worth  of  any  debt  for  1  year,  and  the  Compound  Interest,  to  40  years,  at  regu- 
lar rates  ;  also  the  Amount  and  Present  Worth  of  Annuities,  to  20  years. 

The  Tables  of  Mensuration  (pages  84  to  89),  are  all  absolutely  correct  and  reliable  and  embrace  all  Practi- 
cal Dimensions.  They  show  at  a  glance,  the  contents  in  Square  and  Cubic  Feet  of  Logs,  Lumber,  Timber, 
Cord-wood,  etc.;  the  contents  in  Bushels  and  Gallons,  of  Corncribs.  Bins,  Wagonbeds,  Cisterns,  Tanks, 
Wells,  etc. 

The  Wages  Tables  (pages  80  to  83).  show  the  exact  Wage  when  working  by  the  Month  of  26  or  30  working 
days,  from  $5  to  >150  per  month  ;  by  the  Week,  from  62  to  $25  ;  and  by  the  Day  from  $1  to  $5,  either  by  the  8,  9 
or  10  hour  system. 

Thousands  of  Tables  of  valuable  calculations  fill  the  booK  -too  numerous  to  mention  here. 

We  give  you  this  Lightning  Calculator  Free  on  these  terms. 

We  want  to  increase  the  Subscription  List  to  our  Monthly  Journal. 

The  foundation  of  civilization  rests  on  inventions  of  new  machinery. 
To  keep  abreast  of  mechanical  progress  should  be  the  aim  of  every 
intelligent  man.  Our  publication  keeps  you  informed,  and  it  is  written  so  all  can  understand  it,  and  the  best 
illustrated  of  its  class.  MODERN  MACHINERY  costs  you  $1.00  a  year.  .  We  want  to  get  you  started  read- 
ing this  paper  regularly,  and  therefore  make  you  this  offer. 

Send  us  your  subscription  at  once,  enclosing  61.00,  and  we  will  mail  you  Modern  Machinery  every  month 
for  one  year  and  the  Calculator  FREE  at  once.     If  not  just  as  represented,  send  the  book  right  back  and  we 
will  refund  your  money.     Don't  delay  accepting  this  proposition  ;  write  to-day. 
Remember,  money  back  to-morrow  if  dissatisfied. 


MODERN  MACHINERY. 


MODERN  MACHINERY  PUB.  CO., 


Security  Bldg.,  Chicago,  111. 


CUT  OFF  HERE  AND  MAIL  AT  ONCE 


Date. 


Modern  Machinery  Publishing  Co- 
Security  Buildinc.  Chicago. 
Gentlemen  :— Enclosed  find  $1.00,  for  which  please  send  me  Modern  Machinery  for  one  year,  and  also  send 
me.  free  of  all  charges,  Ropp's  New  Calculator  as  advertised  in  Technical  World. 


Name. 


City. 


Mention  The  Technical  World. 
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Best  Books  on  Advertising 

PROFITABLE  ADVERTISING  is  often  asked  to  suggest  really  valuable 
works  on  the  subject  of  advertising,  and  we  name  the  following  as  being  of 
particular  interest.  They  cover  a  wide  range  of  topics  and  offer  individually 
special  claims  upon  the  reader's  attention.  In  fact,  you  may  count  on  receiving 
full  value  for  the  money  invested. 


The  Theory  of  Advertising 
By  Walter  Dill  Scott,  Ph.  D. 

This  is  a  "simple  exposition  of  the  principles  of 
psychology  in  their  relation  to  successful  advertis- 
ing." and  ia  undoubtedly  one  of  the  most  interest- 
ing1 books  on  advertising  extant.  Among  the 
topics  treated  are  :  "Attention."  "Association  of 
Ideas,"  "Suggestion."  "The  Direct  Command." 
"The  Psychological  Value  of  the  Return  Coupon," 
etc  All  of  Professor  Scott's  ideas  are  based  on 
practical  experiment     Price.  $2.00. 

Successful      Advertising  —  How     to 
Accomplish   It 

By  J.  Angus  McDonald 

This  is  a  thoroughly  practical  work  (now  in  its 
sixth  edition  i  covering  every  phase  of  retail  adver- 
tising—a  book  that  should  be  in  the  hands  of  every 
retailer,  advertiser,  buyer,  ad-writer,  clerk,  and 
studentof  advertising.  Cloth.  400  pages.  Price, 
$2.00. 

Printing  in  Relation  to  Graphic   Art 

By  George  French 

This  book  should  be  in  the  possession  of  every  man 
interested  in  the  production  of  printed  matter.  Mr. 
French  is  one  of  the  best  informed  men  in  the 
country  on  these  subjects,  and  the  work  is  invalua- 
ble to  every  student  of  advertising  and  typography. 
French  Hand-Made  Edition.     Price,  $3.50. 

Mahin's  Vest  Pocket  Hand  Book 

By  John  Lee  Mahin 

This  unique  volume  supplies  the  want  for  concen- 
trated, conveniently  arranged  information  con- 
cerning advertising  —  newspaper  and  magazine 
space,  illustration,  and  everything  pertaining  to 
systematic  publicity.    152  pages.     Price,  $1.00. 


The  Art  of  Writing  and  Speaking  the 
English  Language 

By  Sherwin  Cody 

This  work  in  four  small  volumes  affords  the  mott 
comprehensive  treatment  of  the  subject  ever  at- 
tempted. In  fact,  it  is  a  complete  simplified  col- 
lege course  in  business  English,  and  can  be  read 
and  studied  advantageously  by  every  business  man 
as  well  as  every  ad  vertising  student.  The  volumes 
bear  the  respective  titles  of  "Word  Study,'' 
"Grammar,"  "Composition,"  and  "Constructive 
Rhetoric."  The  information  gained  is  invaluable 
to  writers  of  advertising  literature.  Price  for 
the  set.  $2.00. 

Theory  and  Practice  of  Advertising 

By  G.  W.  Wagonseller.  LL.  D. 

This  work  treats  of  fifty  advertising  problems  in 
a  concise,  practical  manner.     Price,  $1.00. 

Concerning  Type 

By  Ambrose  S.  Carnell 

A  handbook  of  useful  information  for  advertisers 
and  users  of  type.  Papercover.  64pages.  Price, 
50c. 

Secrets  of  the  Mail  Order  Trade 

By  George  F.  Terry 

A  work  that  is  more  than  worth  the  price  to  any 
one  interested  in  the  great  mail  order  proposition. 
Cloth.    180  pages.     Price.  $1.00. 

Business  Short  Cuts 

By  Experts. 

An  exceptionally  practical  treatise  on  every-day 
business  problems.    Cloth.     Price,  $1.00. 


^fior'ial      OflRo*-        ^e  combined  cost  of  these  books,  ordered  separately,  is  $14.00. 

.T  a*     \/llt  1.  •     They  are  each  so  unlike  in  their  treatment  of  the  subject  and  all 

so  valuable  that  it  should  be    worth  your  while   to   order  the 

entire  lot  at  the  net  price  ol  $10.      If  all  are  not  desired,  we  shall  be   glad  to  furnish  single 

books  or  any  combination  desired,  and  can   quote  in  every  instance  a  liberal  discount  from 

regular   rates.      Let    as   know   your    wants    and    your    order    will   receive    prompt    attention. 

Orders  and  remittance  should  be  addressed  to 


PROFITABLE  ADVERTISING 


Subscription  Price,  $2  per  year. 


Uhe  Magazine  of  Publicity 
Foreign  Price,  $3. 


BOSTON,  MASS. 


Single  Copies,  20c 
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THE 

.  ENGINEERING 
I  MAGAZINE 

5  AN  INDUSTRIAL  REVIEW 


140142  NASSAU  ST.NEW  YORK, 
j  222-225  STRAND,  LONDON.  W.C. 


THE  ENGINEERING  MAGAZINE  pre- 
sents current  practice  and  advance  in  en- 
gineering. This  matter  is,  in  the  course  of 
time,  included  in  the  text  books  of  the 
technical  colleges.  The  man  who  wants  to  advance, 
however,  must  be  thoroughly  informed  on  the  very 
latest  developments,  and  for  this  reason  a  periodical 
like  The  Engineering  Magazine  is  indispensable. 

It  is  written  by  the  highest  authorities,  and  the  aim  is  to 
make  every  leading  article  in  it  so  positively  practical  that  it 
gives  a  sound  idea  not  only  of  what  ought  to  be  done,  but  how 
to  do  it.  That  is,  all  the  articles  are  "working  plans"  of  actual 
manufacturing  and  engineering  practice — plans  that  have  been 
built  from  and  proved  successful. 


READ  THIS  SPECIAL  OFFER 


Our   First   Labor-Saving    Number  is    a  Special    Double 
issue.      It  contains  : 

Full-page  portraits  and  biographies   of  the  world's  greatest  inventors 

from  Watt  to  our  own  times; 
Two   hundred   fifty-eight    pages    of  text,     tracing     the    great 

epoch-making  inventions    from  their  inception     to     their 

present  state  of  perfection; 
Two  hundred   six    pages    of   special    announcements, 

showing    the    latest    labor-saving    machinery. 


Cutoff  and  mail   this  blank.     It  entitles  you  to  a  copy 
of  this  gieat  double   number  (456  pages)  and  a  regular 
issue  (308  pages)  at  a  cost  of  10  cents  to  pay  postage 
on  them. 
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/-We  Shall  Give  Away 

A  ten-volume  Technical  Reference  Library  valued  at 

$55.00 

To  the  subscriber  obtaining  the  largest  number  of  subscriptions  to 
The  Technical  World  before  May  20th,  1905.  The  success  of 
the  competition  just  closed  leads  us  to  renew  the  offer.  This  reward 
to  be  given  in  addition  to  the  regular  premiums  listed  in  our  premium 
circular. 


Reference    Library 

Modern  Engineering  Practice 

10  Volumes,  5000  Pages,  Bound  in  ^ 
Red  Morocco,  Size  of  Page  7x10  inches 
List  Price     .        .  '      .        .        .         $55.00 

(Prospectus  Sent  on   Request*) 

With  each  set  is  included  a  handsome  oak 
book  case,  made  expressly  for  this  library 

The    Technical    World 

3321    Armour  Ave.,  Chicago,  111. 
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Premiums 

For  New  Subscriptions 
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HE  Tech  nical 
World"  offers  the 
largest  variety  and 
the  best  of  premiums  for 
new  subscriptions.  ^[  Send 
at  once  for  new  premium 
circular  containing 
something 

for  Everyone 


The  Technical  World 

3321  Armour  Ave. 

Chicago,  111. 
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Practical  Engineering 

TAUGHT      BY      MAIL 


Jlain  Itnililln".    »rni..ur 

lutltale. 


'HAT  is  a  technical  educa- 
tion by  mail?  It  is 
knowledge  —  practical 
.  ,lge  of  everyday 
use  t  he  product  of  the 
best  engineering  brains 
of  all  ages  boiled  down 
and  the  very  essence 
extracted  and  put  in 
small  pamphlets  suitable 
for  study  during  your 
leisure  at  home.  Through 
it  you  can  qualify  for  the 
highest  positions  in  your 
own  trade  or  calling  or 
get  your  second  wind  in 
life's  race  by  correcting 
a  misfit  calling  and  get- 
ting into  something  for 
which  you  are  adapted. 
Men  with  a  technical  education  draw  from  8125 
to  >300  a  month,  and  upwards,  and  are  always  in 
demand.  You  can  qualify  for  such  a  position 
through  a  course  with  the  American  School  of 
Correspondence  at  Armour  Institute  of  Tech- 
nology. 

THE  GREATEST  EDUCATIONAL  OPPOR- 
TUNITY EVER  OFFERED  TO  MECHANICS, 
ELECTRICIANS,  ENGINEERS,  ARCHITECTS, 
AND  ALL  MEN  WHO  FEEL  THE  NEED  OF 
BETTER  EDUCATION  FOR  ADVANCEMENT 
IN  THEIR  WORK. 

Never  before  have  the  resources  and  equipment 
of  a  great  resident  enpneering  school  combined 
with  long  experience  in  correspondence  teaching 
been  offered  to  ambitious  men  in  their  own  homes 
without   interfering   with    their    regular    work. 

Never  before  have  such  men  had  an 
opportunity  to  study  under  the  direction 
of  the  same  instructors  who  teach  the 
classes  of  a  regular  engineering  school 
of  high  standing. 


I  CUT    OUT    AND   MAIL  TODAY 


American  School  of  Correspondence 
Chicago 

Gentlemen  :— Please  send  me  your  200-page 
Bulletin  and  full  information   regarding  your 


Name 

St,  and  No. 


City 

Tech.  World,  Mar. 


.State. 


The  American  School  of  Correspondence 
is  the  only  correspondence  school  awarded 
a  gold  medal  for  superior  excellence  in 
Engineering  Education  and  Technical 
Publications  at  the  recent  World's  Fair  at 
St.  Louis,  U.  S.  A. 


Nearly  100  separate  courses  in 

Electrical  Engineering. 

Power  Station  Work. 

Electric  Lighting. 

Telephone  Practice. 

The  Electric  Telegraph. 

Electric  Wiring. 

Mechanical  Engineering. 

Stationary  Engineering. 

Marine'Engineering. 

Locomotive  Engineering. 

Refrigeration. 

Civil  Engineering. 

Railroad  Engineering. 

Hydraulics. 

Structural  Drafting. 

Sanitary  Engineering. 

Architecture. 

Textile  Manufacture. 

Mechanical  Drawing. 

Navigation. 

College  Preparatory  (preparing 
for     entrance     to     resident 
Engineering  Colleges). 
Write  for  200-page  illustrated  bulletin  giving 
outlines  of  courses  and  list  of  men  who  have  com- 
pleted the  courses  and  have  received  better  posi- 
tions as  a  result  of  their  studies. 

The  cost  of  instruction  is  within  the  reach  of 
all— from  S10.00  upwards,  and  may  be  paid  in  small 
monthly  payments  if  desired.  We  employ  no 
agents.  This  expense,  which  is  generally  added 
to  the  student's  tuition  fees,  is  avoided. 


AMERICAN  SCHOOL  OF 
CORRESPONDENCE 

at 
Armour    Institute    of   Technology 


Chicago,  111. 
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Mr  F.  0.  Morse, 
Sales  Manager  sluw- 
Walker  Company, 
Muskegon,  Mich.— "I 
have  looked  over  the 
booklets  of  the  indi- 
vidual Home  Study 
Course  in  Systematiz- 
ing, and  w  sh  to  com- 
Fitment  you  onsime. 
think  you  hare 
treated  the  BUbje-Jt 
in  a  very  clear  uml 
uoncl'e  manner  in 
this  first  leaeOD  aji.i 
presume  that  you  will 
get  down  to  the  detail 
more  in  succeeding 
lessons  " 


H.T.  Hill,  with  Gray 
&  Dudley  Hardware 
Co.,  Nashvllle.Tenn.— 
"I  cannot  i  ecommend 
your  --eeond  lesson 
too  highly,  and  1  re- 
ceived ideas  from 
reading  this  lesson 
over  and  studying  it 
that  would  alone  re- 
pay me  for  the  money 
spent  for  the  full 
course." 


Elliott-Fisher  Com- 
pany. Manufacturers 
of  Billing  Machines 
and  Book  Typewrit- 
ers, New  York  City.— 
'•We  received  copy  of 
the  first  instruction 
booklet  in  the  Course 
In  Systematizing, 
were  "very  much  in- 
terested in  reading 
same  and  congratu- 
late you  on  the  plan 
you  have  laid  out  as 
Indicated  by  this  pre- 
liminary copy." 


Let  Me  Tell  You  How  to 

Study  System. 

Place  the  greatest  library  in  the  world  at  the  disposal 
of  a  man  who  has  formulated  no  definite  plan  of  study 
—who  does  not  know  what  he  wants  to  learn  or  how  to 
find  it— and  it  is,  to  him,  practically  worthless.  A  de- 
scription of  the  systems  used  by  some  other  man  is 
equally  worthless  to  you  unless  you  know  how  to  dis- 
criminate between  the  practical  and  impractical  and 
can  apply  the  practical  ideas  to  your  own  business. 

To  make  a  study  of  system  of  value  you  must  be 
trained  to  apply  the  principles  to  the  conditions  to  be 
met.  The  systems  of  the  model  factory,  office  or  shop 
are  not  copies  of  other  systems;  they  are  the  result  of 
years  of  study;  they  have  been  worked  out  from  practi- 
cal experience.  The  system  that  your  neighbor  finds 
perfect  will  not  fit  your  business— you  cannot  use  it  as 
he  uses  it,  but  you  can  learn  how  to  analyze  the  condi- 
tions to  be  met  in  your  own  establishment,  and  then 
how  to  apply  the  most  modern  methods. 


Mr.  I.  n.  Hendrl.k- 
son,  Adverti>ing  Man- 
ager, Jobn  C.  Mw  ire 
Corporation,  Roch- 
ester, N.  Y.— "I  have 
looked  over  your 
bookleteand  it  would 
m  em  to  iii<-  that  you 
are  'tackling'  this 
proposition  in  the 
right  manner.  From 
I  h  ••  examination  I 
have  given  it  1  do  not 
Bee  where  anv  Im- 
provement could  be 
suggested. " 


Mr.  H.  Jenklns.with 
the  Tobey  Furniture 
Company,  Chicago, 
111.— -1  li.ive  received 
the  four  booklets 
comprising  the  first 
lesson  of  the  Course 
in  Systematizing  and 
am  very  muchpleased 
with  the  general  lay- 
out." 


Mr.  V.  C.  Snyder, 
System  Expert,  with 
the  Shaw -Walker 
Company,  Muskegon, 
Mich.  —  "I  received 
the  first  instruction 
booklets  and  have 
been  very  much  In- 
terested in  studying 
them.  I  am  not  at  all 
sorry  that  I  recom- 
mended your  course 
to  the  gentleman 
In  St.  Louis." 


The  Individual  Home  Study  Course  in  Systematizing  will  give  y  >u  this  training.  The  method 
of  instruction  is  practical;  it  is  personal  to  you.     The  instruction  books  teach  you  to  analyze 
the   requirements   in   every  department  of  any  business,  and  how  to  meet  them.     You 
are  then  asked  to  demonstrate  the  knowledge  you  have  gained  by  applying  It  to  your  own 
business.     Your  answers  are  sent  to  us  for  review— the  examiners  give  you  a  personal 
criticism  of  each  set  of  answers-  they  point  out  the  weak  points  and  suggest  how    j  }  wouId  like  t0 
the  system  can  be  improved.     The  result   is  a  system,  perfectly  fitted  to  your    J  know  how  vour 
business,  worked  out  with  the  aid  of  System  Experts  of  long  experience.  f   course  in  systemat- 

,  ,  .    .  m.n  ^r      king  will  benefit  me. 

If  you  are  interested— if  you  want  to  know  how  I  can  assist  you  —  man 
the  coupon  to  me  to-day.  J  My  occupation  is 


J.  B.  GRIFFITH,  Director  International 
Accountants'  Society 


82  FORT  STREET,  W., 


DETROIT,  MICH. 


Name 
Address 
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C.  Write  for  price  of  our  special 
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Are  you  a  regular  subscriber  to 
"The  Technical  World?" 
OR 
As  a  regular  subscriber  does  your  sub- 
scription expire  with  this  number? 
In  either  case,  read  carefully 


Our  First  Anniversary 


Offer 
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LENGTHY  discussion  as  to  the  value  and  impor- 
tance of  "The  Technical  World"  is  unnecessary. 
Its  phenomenal  record  and  growth  of  the  past 
year  speaks  for  itself. 

"The  Technical  World"  appeals  to  everyone  who  likes 

to   know   how   and   why  things  are  done.      Ninety -nine 

people  out  of  a  hundred  have  some  technical  bent,  or  at 

least  are  interested  in  scientific  matters.     They  may  not 

be  trained  in  engineering,  but  they  like  to  talk  familiarly 

about  such  things  and  understand  them. 

A  new  discovery,  a  wonderful  invention,  a  great  achievement  in    engineering, 

processes  of  manufacture,  the  problems  of  transportation  on  land  and  sea  —  these 

and  a  hundred  other  topics-  have  a  fascination  for  every  intelligent  man,  woman  or 

child.    This  is  the  field  of  "The  Technical  World." 

In  simple  language  it  brings  the  most  complex  topics  within  range  of  common 
understanding,  and  by  profuse  illustration  makes  the  reader  familiar  with  every 
detail.  In  wealth  of  interesting,  useful,  practical  information  it  is  unsurpassed,  and, 
as  thousands  of  our  readers  say,  "it  is  the  best  magazine  at  any  price." 

To  increase  the  value  and  importance  of  "The  Technical  World"  we  must 
grow,  and  we,  therefore,  ask  for  the  support  of  all  subscribers. 

If,  as  one  of  the  first  subscribers,  your  subscription  expires  with  this  number, 
renetef  noto,  or  if  you  are  not  a  regular  subscriber  at  this  time,  subscribe  ripbv. 
taking  advantage  of  the  FIRST  ANNIVERSARY  OFFER,  given  on  next  page. 

"instructive  as  well  as  entertaining." 
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$3.00  for  $1.50 

THE  TECHNICAL  WORLB  for  one  year  (regu- 
lar price  $2.00 1  and  any  ONE  of  the  follow- 
ing booKs,  express  charges  prepaid,  for  $1.50. 

MECHANICS'  COMPLETE  LIBRARY  (five  books 
in  one),  regular  price  $i.oo. 

CRAMS  QUICK  REFERENCE  ATLAS  OF  THE 
WORLD  (indexed),  regular  price  $i.oo. 

PRACTICAL  LESSONS  IN  ELECTRICITY,  by 
F.  B.  Crocker,  H.  C.  Cushing,  Jr.,  and  L.  K.  Sager; 
regular  price  $1.50. 


ffer  No.  2 


$3.50  for  $1.75 

THE  TECHNICAL  WORLD  for  one  year,  and 
EITHER  of  the  following  $1.50  booKs,  ex- 
press charges  prepaid,  for  $1.75. 

OLD  GORGON  GRAHAM  (More  letters  from  a  self- 
made  merchant  to  his  son),  by  George  Horace 
Lorimer. 

THE  SCIENTIFIC  AMERICAN  REFERENCE 
BOOK,  compiled  by  Albert  A.  Hopkins  and  A.  Rus- 
sell Bond. 

All  of  these  books  are  among  the  best  sellers  of  to-day; 
each  is  bound  in  cloth  and  profusely  illustrated.  The 
book  desired  must  be  specified  when  order  is  sent  in. 


PRACTICAL 
L&3S0NS 


ORDER  BLANK  FOR  OFFER  NO.  1 
The  Technical  World, 

3321  Armour  Ave.,  Chicago.  111. 
Enclosed  find  $1.50.  for  which  send  me  "The  Technical 
World"  for  the  coming  year,  beginning  with  the  April 
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World"  for  the  coming  year,  beginning  with  the  April 
number,  and  in  addition  the  following  book: 

(.Title  of  Book) 

(Name) 


(.Street  Address) 


(City) 


(.State) 


ALEXANDER   GRAHAM    BELL. 

by  development  of  the  tetrahedral  kite  has  attracted  much  attention  as  bearing 
ue      up  on  the   problem  of  aerial  navigation. 
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HE  transmission  of  intelligence 
by  use  of  the  electric  current  has 
reached,  in  its  broadest  sense,  its 
final  stage  of  development. 
Intercom- 
munication b  y 
means  of  an  elec- 
trical disturbance 
set  up  for  the  pur- 
pose of  propagat- 
ing energy  repre- 
senting the  alpha- 
betic code  or  ar- 
ticulate speech, 
may  be  divided 
into  four  general 
classes  —  namely, 
Telegraphy  with 
wires.  Telephony 
with  wires.  Teleg- 
r  a  p  h  y  w  i  t  h  o  u  t 
wires,  and  Tele 
phony  w  i  t  h  o  u  t 
wires.  These  prin- 
cipal classes,  again, 
it  is  evident,  may 
be  subdivided  into 
many  branches;  but  there  can  be  no  fur- 
ther evolution  in  the  art  of  sending  and 
receiving  messages  by  electrical  methods, 
where  instruments  are  interposed  be- 
tween those  who  are  to  be  brought  into 


Ruhincr  System 


menial    relationship    with    one    another. 
This  is  not  to  say  that  each  of  the  fore- 
named  systems  approximates  in  its  pres- 
ent   state   anything    like    perfection,    for 
all  are  more  or  less 
crude  in  practice  it" 
not  in  theory :  but 
any     improvements 
that  may  lie  made 
in  the   future  must 
differ  from  presenl 
attainments   in   de- 
gree    and     not     /'// 
kind.        I  Ience     tile 

raison  d'etre  of  the 
numeri  ius  arrange 
ments  for  wire ; 
and  when  wireless 
telegraphy  made 
its  s  p  e  c  t  a  c  u- 
lar  debut  a  few 
years  ago,  th<  re 
seemed  to  the 
casual  observer  no 
good  and  valid 
reason  why  speech 
propagation  and 
reception  without  wires  should  not 
be  considered  as  already  at  hand.  To 
the  investigator,  however,  it  was  soon 
revealed  that  history  was  repeating  itself, 
and  that  wireless  systems  of  telegraphy 
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and  telephony  were  as  different  in  all 
their  phases  as  were  their  predecessors 
which  utilized  the  connecting  wire.  A 
brief  analysis  of  these  differences  that 
mark  so  clearly  the  dividing  line  between 
the  four  great  classes  enumerated,  will 
assist  materially  to  an  understanding  of 
the  fundamental  principles  of  wireless 
telephony. 

Evolution  of  Electrical  Communication 

When  Morse  took  up  the  study  of 
telegraphy,  a  working  knowledge  of  the 
laws  of  electricitv  had  not  as  vet  been 


Tender  with  Reflector  for  Optical  or  Wireless 
Telephone  Transmission,  Ruhmer  System. 

Mirror  90  centimeters  (about  35J4  inches)  in  diameter. 


very  accurately  deduced.  Induced  and 
alternating  currents  had  been  explained 
by  Henry  and  Faraday,  but  their  useful- 
ness remained  to  be  indicated.  It  was 
well  known,  however,  that  a  direct  cur- 
rent traversing  a  wire  was  capable  of 
energizing  an  electro-magnet ;  and  from 
this  fact  Morse  conceived  the  idea  of  the 
relay — the  device  that  made  telegraphy 
a  commercial  factor. 

Although  nearly  half  a  century  elapsed 
before  Bell  made  his  successful  essay  to 
produce  a  speaking  telephone,  electricity 
had  not  made  so  much  progress  as  might 
have  been  expected.  Reis  had  attempted 
to  construct  a  telephone  by  utilizing  a 
rapidly  intermittent  current,  and  these 
futile  trials  led  Bell  to  believe  that  such 
a  method  was  impracticable.  Experi- 
menting with  steel  reeds  vibrating  over 
magnets,  he  produced  currents  of  vary- 
ing strength — termed  "undulatory  cur- 
rents" in  virtue  of  their  wave-like  charac- 
teristics— and  this  formed  the  basic  prin- 
ciple of  the  telephone. 

In  Marconi's  wireless  telegraphy,  any 
kind  of  low-voltage  current  may  be  trans- 
formed into  one  of  high  potential  and 
frequency ;  but  in  this  system  the  oscil- 
lations of  the  transmitter  emit  their  en- 
ergy in  the  form  of  a  train  of  waves 
with  long  intervals  of  time  between  them, 
and  these  oscillations,  therefore,  are  not 
at  all  adapted  to  the  transmission  of  voice 
undulations. 


WIRELESS  TELEPHi  >NY 


Methods  of  Speech  Transmission 

There  are  several  methods  whereby  ar- 
ticulate speech  can  be  transformed  into 
electric  current  waves,  which  may,  in 
turn,  be  propagated  by  the  ether  through 
air.  earth,  or  water. 

The  first  of  these  methods  consists  in 
the   use  of   a   battery   and    a    telephone 


called  "induction ;"  but  not  everyone 
knows  that  these  coils  may  be  widely 
separated  before  the  limits  of  the  induct- 
ive influence  will  be  reached.  If,  for  in- 
stance, a  telephone  transmitter  and  a 
source  of  electromotive  force  approxi- 
mating 2$  volts  are  included  in  the  circuit 
of  a  coil,  of  wire  having,  say,  J5  turns 


PHOTO-ELECTRIC  TELEPHONE  TRANSMITTER  AND  RECEIVER.  RUHMER  SYSTEM. 

The  receiving  apparatus  is  shown  on  the  left.  —The  essential  elements  of  the  Ruhmer  System  are  the  selenium  cell,  whose 

operation  is  clearly  explained  in  this  article,  and  the  speaking  arc.    The  latter,  discovered  by  Professor  Simon  in 

1898,  is  based  on  the  fact  that  a  continuous-current  arc  lamp  will  transmit  sounds,  feebly  but  distinctly,  and 

will  also  vary  in  the  intensity  of  its  light,  when  an  electric  circuit  traversed  by  feeble  intermittent 

currents,  or  even  the  weak  induction  currents  of  a  telephone  circuit,  is  placed  in  parallel  with, 

or  superimposed  upon,  the  arc-lamp  circuit  and  in  its  immediate  neighborhood. 


transmitter  connected  in  series  with  ter- 
minals embedded  in  the  earth  or  im- 
mersed in  water.  When  the  undulatory 
current  flows  through  the  circuit  thus 
formed,  the  larger  portion  of  its  energy  is 
dissipated,  flowing  out  in  curved  stream 
lines,  owing  to  the  great  cross-section  of 
the  earth,  and  extending  to  considerable 
distances.  Now,  if  a  complementary 
equipment  consisting  of  a  telephone  re- 
ceiver is  likewise  placed  in  contact  with 
the  earth  by  having  its  terminals  simi- 
larly grounded,  when  the  energy  im- 
pinges upon  these  the  current  then  flows 
through  the  receiver,  and  speech  may  be 
accurately  reproduced. 

A  second  method,  ideal  in  its  simplic- 
itv,  is  accomplished  by  electro-magnetic 
induction.  Everyone  knows  that  when 
a  current  flows  through  the  primary  of 
an  induction  coil,  alternating  currents  are 
set  up  in  the  secondary  coil  by  what  is 


and  a  diameter  of  5  feet,  ami  if  a  tele- 
phone receiver  is  included  in  a  coil  of 
wire  having  60  turns  and  a  diameter  of 
3  feet,  words  spoken  into  the  transmitter 
can  be  distinctly  heard  in  the  receiver 
when  the  two  instruments  are  separated 
a  distance  of  100  feet — providing,  of 
course,  that  the  coils  have  their  planes 
parallel  with  each  other.  This  is  the  "in- 
ductivity  method  ;*'  and  like  the  one  pre- 
viously described,  it  is  operated  by  a  low- 
voltage  direct  current. 

The  Bell  Photophone  or  Radiophone 

The  invention  of  the  telephone  receiver 
led  to  many  interesting  experiments  and 
to  many  curious  discoveries.  Prof.  Alex- 
ander Graham  Bell,  in  working  with  his 
new  telephone,  devised  an  apparatu 
telephoning  on  a  beam  of  light.  This  in- 
strument, which  he  named  the  "photo- 
phone"  or  "radiophone."  involved  the  use 
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Bell  Radioph  ing   Station  as    Installed  at 

ii'.i:  World's  Fair,   St.  Louis. 


of  selenium,  a  substance  possessing  the 
very  remarkable  property,  under  the  ac- 
tion of  light,  of  varying  in  electrical  re- 
sistivity and  its  reciprocal,  when  fused  in 
between  two  connecting  wires  of  plat- 
inum or  silver. 

This  apparatus  is  shown  in  the  dia- 
gram, Fig.  i.  The  transmitter  used  by 
Bell  was  not  electrical — for  the  trans- 
mitter, as  we  know  it.  had  not  been  in- 
vented. Hell's  transmitter  comprised  the 
mouthpiece  r,  a  shell  2  supporting  a  thin 
metal  diaphragm  5,  and.  attached  to  the 
latter,  a  small  concave  mirror  /.  A  plane 
mirror  5.  a  convex  condensing  lens  6,  and 
a  projecting  lens  7,  all  of  which  were 
suitably  mounted  on  a  frame,  completed 
the  apparatus  for  transforming  the  air 
vibrations  produced  by  the  voice  into 
light  variations  of  the  projected  beam. 

The  receiver  was  formed  of  a  parabolic 
mirror  8  of  large  diameter,  in  the  focus 
of  which  a  selenium  cell  0  was  adjusted. 
The  terminals  of  the  conducting  wire? 


or  electrodes  of  the  cell  led  through  insu- 
lated bushings  in  the  reflector,  to  the 
hack,  where  they  were  connected  in  series 
with  a  battery  10  and  a  telephone  re- 
ceiver  //. 

When  the  radiophone  is  in  operation, 
the  successive  transformations  take  place 
in    the    following    manner: — The    light 


Fig.  1.     Diao~.am  of  Bell  Radiophone. 

from  the  sun  is  reflected  by  the  plane 
mirror  5  to  the  condensing  lens  6,  where 
its  rays  are  focused  on  the  concave  mir- 
ror 7.  From  the  latter,  the  light  is  re- 
flected to  the  lens  7,  wdience  it  is  propa- 
gated through  the  intervening  space  to 
the  large  parabolic  reflector  8,  whereby 
its  diffused  waves  are  collected  and  con- 
centrated to  a  pencil  point  on  the  selen- 
ium cell  0.  It  is  evident  that  any  changes 
in  the  intensity  of  the  light  will  alter  the 
electrical  resistance  of  the  selenium  cell, 
consequently  causing  variations  in  the 
current  from  the  battery  jo,  and  finally 
affecting  the  telephone  //. 

"When  words  are  spoken  into  the  trans- 
mitter, this  is  precisely  what  takes  place, 
for  the  movements  of  the  diaphragm  of 
the  transmitter  cause  the  concave  mirror 
to  vibrate   in  unison  with   it.  and  everv 


Bell  Radiophone  Transmitting  Station  as  Installed 

at  the  Worlds  Fair,  St.  Lcyis, 
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change  is  thus  indicated  at  the  receiving 
end  in  virtue  of  these  fluctuations. 

The  Ruhmer  System 

While  the  distance  to  which  Bell  was 
able  to  propagate  the  light  variations  rep- 
resenting the  human  voice,  was  not  more 
than  a  few  hundred  feet,  recent  improve- 


Herr  Ruhmer   Receiving  a   Photo-Electric   Message. 

nients  in  the  system  by  I  lerr  Ernest 
Ruhmer  have  resulted  in  the  transmis- 
sion of  speech  a  distance  of  several  miles. 
This  was  made  possible  through  the  re- 
markable advance  of  electro-physics  dur- 
ing the  past  few  years.  Prof.  II.  T.  Si- 
mon ascertained  that  an  ordinary  arc- 
light  could  be  made  to  reproduce  articu- 
late speech  more  clearly  and   distinctly 


Photo-Electric  Telephone  Receiver. 
Ruhmer  System. — Showing  connections  at  rear. 

than  any  phonograph,  by  superimposing 
a  feeble  alternating  current  upon  a  heavy 
direct   current.      The    diagram,    Fig.    _\ 

illustrates  one  form  of  the  method  by 
which  this  may  he  accomplished. 

An  ordinary  telephone  transmitter  / 
and  battery  2  are  connected  in  series  with 
the  primary  of  a  small  induction  coil  ?; 
the  secondary  coil    /  leads  through  the 


Fig. 


Simon  SPEAKING    Arc 


condensers  5  5,  to  the  opposite  carbons 
6  6  forming  the  electrodes  for  the  arc- 
light  ~:  the  latter  is  produced  by  a  direct 
50-volt  current  from  a  generator  or — 
which  is  still  better — a  storage  battery. 
When  the  speaking  arc  or  "arcophone" 
is   operated,   the   voice   causes    the    air 
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BOAT  ON  WANSEE  LAKE,  EQUIPPED  WITH  Rl'HMER  WIRELESS  TELEPHONE  APPARATUS. 
Ruhmer's  experiments  on  this  lake  efEected  perfect  transmission  of  conversation  between  the  shore  and  a  boat  anchored 

at  a  distance  of  nearly  five  miles. 


waves  to  vary  the  resistance  of  the  trans- 
mitter /  in  the  usual  manner ;  the  current 
from  the  battery  2,  thus  varied,  energizes 
the  primary  coil  3,  setting-  up  alternating 
currents  in  the  secondary  coil  4.  The 
condensers  5  5  produce  no  appreciable 
effect  on  the  wave  form  of  the  current, 
which  is  superimposed  upon  the  current 
from  the  generator  flowing  through  the 
circuit  formed  of  the  carbons  6  6,  the  arc- 
light  7.  and  the  generator  8.  The  object 
of  the  condensers,  however,  is  to  prevent 
the  direct  current  from  backing  up  into 


the  transmitter  and  burning  it  out.  The 
superimposed  current,  however  feeble, 
varies  the  resistance  of  the  arc,  and  this 
produces  a  change  in  its  temperature, 
which  gives  rise  in  turn  to  sound  waves. 
Another  important  function  of  the 
speaking  arc  is  connected  with  the  fact 
that  there  is  also  a  variation  of  the  in- 
tensity of  the  light  which  it  emits. 
It  is  this  by-product,  as  it  were,  of  the 
speaking  arc,  that  Ruhmer  employs  in 
his  photo-electric  telephone — a  device 
which  in  all  other  respects  is  based  upon 


SENDING  AND  RECEIVING  A  PHOTO-ELECTRIC  MESSAGE,  COLLINS  SYSTEM. 


/  /  'USELESS  TELEPHOXl 


the  original  Bell  photophone.  In  Ruh- 
mer's  system,  the  speaking  arc  is  placed 
in  the  focus  of  a  paraholic  reflector, 
whence  its  ravs  are  directed  to  the  distant 


the  vibrations  of  a  straight  steel  spring. 
In  wireless  telephony  an  undulatory  os- 
cillation is  required,  and  this  may  be  ob- 
tained  by    loading   the    radiating   circuit 


FIG.  3.     DIAGRAM  OF  RUHMER  PHOTO-ELECTRIC  TELEPHONE. 


receiver.  When  the  two  are  in  perfect 
alignment,  a  voice  into  the  one  will  be 
distinctly  audible  in  the  other.  The  ar- 
rangement then  takes  the  form  shown 
diagrammatically  in  Fig.  3.  With  the 
description  already  given  of  the  speaking 
arc  and  the  selenium  cell,  the  details  of 
operation   will  he  readily  understood. 


Fig.  4.    High-Frequency  Oscillation. 

The  Collins  System 

The  writer,  in  endeavoring  to  bring 
about  the  advent  of  a  commercial  wire- 
less telephone  which  would  not  be  inter- 
fered with  by  fogs  or  other  atmospheric 
conditions  and  which  would  not  require 
either  alignment  or  a  direct  visual  line, 
investigated  the  several  schemes  of  dis- 


Fig.  5.    Sine  Wave. 

persion,  inductivity,  and  electro-magnetic 
wave  methods.  The  last-mentioned 
method  is  the  most  interesting,  since  it 
partakes  of  the  nature  of  the  wireless 
telegraph  as  well  as  of  the  wire  tele- 
phone, yet  it  will  do  that  which  is  not 
possible  with  either  of  the  latter — name- 
ly, it  will  transmit  articulate  speech  wire- 
lessly. 

In  the  beginning  of  this  article,  it  was 
pointed  out  that  electric  waves,  when 
emitted  by  a  high-frequency  and  high- 
potential  oscillation  equalized  through  a 
spark-gap,  were  periodic,  as  indicated  in 
the  diagram.  Fig.  4.  the  current  strength 
decreasing  in  geometrical  progression  like 


with  large  inductances  and  capacities 
whose  coefficients  possess  the  properties 
of  slowing  down  each  oscillation  until  a 
more  or  less  perfect  sine  wave  results. 
as  indicated  in  big.  5. 

When  this  point  is  reached,  the  strik- 
ing effect  of  the  oscillatory  discharge  on 
the  ether  is  greatly  weakened,  but  at 
short  distances  the  telephone  will  respond 
audibly  without  the  usual  coherer  inter- 
vening. Some  of  the  most  recent  wi  irk 
by  the  writer,  however,  has  shown  that  a 
liquid  detector  made  by  immersing  a 
platinum  point  and  a  platinum  plate  in 
an  alkaline  solution  increases  the  volume 
of  sound  to  an  appreciable  extent. 
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Upper  Deck  of    Ferryboat    "John    G.    McCui.loi-gh," 

Showing  Mast  and  Aerial  Wires  Used  in  Collins 

System  of  Wireless  Telephony. 

The  first  series  of  tests  with  this  type 
of  apparatus  was  made  at  Rockland 
Lake,  X.  Y.,  a  distance  of  a  mile  ;  while, 
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1ERRYBOAT  R1DGEWOOD  EQUIPPED  WITH  COLLIN'S  WIRELESS  TELEPHONE  APPARATUS. 
Plying  across  Hudson  River  between  New  York  and  Jersey  City. 


under  very  favorable  conditions,  articu- 
late speech  lias  been  transmitted  and  re- 
ceived over  a  distance  of  three  miles  and 
a-half.  Successful  tests  have  also  been 
earned  out  between  the  ferryhoats  John 
G.  McCullough  and  Ridgewood  plying 
between  New  York  and  Jersey  City. 

The  equipment  of  vessels  with  wireless 
telephone  apparatus  will  tend  to  obviate 


the  danger  from  collisions  in  harbors ; 
while  telephone  communication  between 
docks  and  vessels  will  facilitate  trans- 
portation, thus  saving  time  and  money  as 
well  as  insuring  the  safety  of  passengers 
and  crews.  The  development  of  this  lat- 
est phase  of  applied  electrical  science  is 
another  onward  step  in  the  march  of 
human  progress. 


As  We  Measure 


YY/E  <,ret  back  our  mete  as  we  measure; 

*^      We  cannot  do  wrong  and  feel  right, 
Nor  can  we  give  pain  and  gain  pleasure — 

For  justice  avenges  each  slight. 
The  air  for  the  wing  of  the  sparrow, 

The  bush  for  the  robin  and  wren, 
Jut  always  the  path  that  is  narrow 

And  straight  for  the  children  of  men. 

— Alice  Carv, 


A  TYPICAL  MINING    TOWN  OF  THE  WEST. 
View  of  Burke,  Idaho.— Hecla  mine  in  foreground. 


The  Industrial  Side  of  Copper 

Mining  and  Smelting— The  Marvelous  Under-World  of  the  Great  Mining 
Districts— Handling  and  Refining  the  Output 


By  WILLIAM  R.  STEWART 

Editorial  Staff,   Cosmopolitan  Magazine 


COPPER!  What  a  jumbled  sug- 
gestion of  politics  and  law 
courts  and  stock  exchanges  the 
name  has ! — far  more  so  than  it 
conveys  a  picture  of  giant  shafts  and 
stopes,  with  under-surface  villages  equip- 
ped with  all  the  devices  of  mining  en- 
ginery, with  regular  town  governments, 
fire  departments,  sanitation  and  drainage 
systems,  telephones,  electric  conveyances, 
and  a  population  running  into  the  many 
thousands.  It  is  because,  for  the  time, 
the  struggles  and  the  rivalries  of  mine- 
owners,  carried  from  private  to  public 
life,  from  the  realm  of  litigation  to  the 
broader  domain  of  state  and  federal  poli- 
tics, with  all  the  financial  intrigue  which 
this  involves,  has  assumed  such  spectacu- 
lar proportions  as  to  fill  completely  the 
public  eye. 


Yet  the  finest  mining  practice  in  the 
United  States  to-day  is  found  in  the  cop- 
per mines  of  Lake  Superior  and  Mon- 
tana. The  deepest  shaft  in  the  world 
leads  into  a  copper  mine.  The  richest 
ore  body,  acre  for  acre,  is  in  a  copper 
district. 

To  the  man  who  knows  copper  only  as 
a  class  of  shares  whose  rise  and  fall  in 
the  market  interests  him  or  not,  accord- 
ing to  his  investments,  the  spectacle  of  a 
copper-mining  community  would  be  a 
revelation.  The  city  of  Butte,  Montana, 
furnishes  the  most  striking  illustration  of 
the  industrial  importance  of  copper. 
From  a  struggling  mining  cam])  of  a 
few  years  ago.  it  has  jumped  to  a  city  of 
45,000  population,  over  which  the  sul- 
phur fumes  hang  heavy  as  a  London  fog 
by   day.   and   the   glare   of  molten    rock 
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MOUNTAINS  OF  COPPER  ORE. 
King  Canyon,   near   Metcalf,   Arizona. 
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from  the  smelters  lights  up  weirdly  the 
scene  by  night.  Everywhere  copper  is  in 
evidence.  It  is  the  sole  talk  of  the  peo- 
ple ;  it  fills  most  of  the  columns  of  the 
newspapers.  The  latest  invention  in 
mining  and  smelting  machinery,  is  all  of 
science  that  the  resident  of  Butte  in  gen- 
eral cares  to  know. 


Machine  Drilling. 
Veta  Grande  Mine,  Sonora,  Mexico. 


But  though  Butte  is  the  richest  mining 
district  in  the  world,  producing  about 
250.000,000  tons  of  copper  a  year,  it  does 
not  contain  the  greatest  copper  mine. 
The  claim  to  the  latter  title  belongs  to  the 
.Michigan  village  of  Calumet.  There,  in 
the  deepest  mine,  more  than  two  hundred 
miles  of  tunnels,  and  shafts  more  than  a 
mile  in  depth,  all  electrically  lighted,  with 
electrically  propelled  cars  and  hoists,  af- 
ford a  picture  that  can  be  realized,  but 
never  wholly  seen,  of  mining  activity 
such  as  does  not  exist  elsewhere  on  the 
globe. 

Where  the  Mines  are  Situated 

About  80,000  wage-earners  are  now 
employed  in  the  mining  and  smelting  of 
copper  in  the  United  States,  and  the 
value  of  the  product  of  the  refineries  last 
year  was  in  round  numbers  $200,000,000. 
The  principal  copper  districts  are  the 
Lake  Superior,  in  Michigan ;  the  Butte, 


Stoping. 

Veta  Grande  Mine,  Sonora,  Mexico. 

in  Montana;  Shasta  county,  California: 
the  Bingham  district,  in  L'tah  ;  and  the 
Ducktown,  in  Tennessee.  Copper  is 
found  also  in  a  number  of  places  in  Ari- 
zona, and  in  Wyoming,  Washington, 
Oregon,  Colorado,  and  Xew  Mexico, 
though  not  in  large  deposits.  About 
600,000,000  tons  is  now  the  annual  cop- 
per product  of  the  United  States. 

To  the  layman  there  is  a  peculiar 
feature  of  copper  mining  in  the  fact  that 
nothing  so  disgusts  the  mine-owner  as  to 
come  across  a  mass  of  pure  copper.  1  le 
wants  it  adulterated  or  in  small  pieces. 
More  than  one  mine  has  been  almost 
ruined  by  the  discovery  of  a  great  body 


Drilling  Copper  Ore  One  Mile  Underground. 
Wilson  Mine,  Metcalf,  Arizona. 
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of  pure  copper.  It  could  not  be  dug  out  j 
it  would  not  yield  to  blasting.  It  had  to 
be  cut  up  with  cold-chisels,  and  the  ex- 
pense was  greater  than  the  copper  was 
th. 
Long  before  the  white  man  came 
to  America,  an  ancient  race  had  mined 
pure  copper  by  heaping  and  burning 
great  piles  of  wood  upon  it.  and  then 
dousing  the  heated  rock  with  cold  water. 
Then  they  laboriously  heat  the  chunks 
into  smaller  fragments,  and  carried  them 
off  to  be  hammered  into  tools  and 
weapons.  Copper  that  called  for  scien- 
tific reduction  works  had  no  value  for  the 
aboriginal  miner.  Now  copper  that  does 
not  need  this  treatment  is  valueless  to  his 
modern  successor. 

Modern  Mechanical  Appliances 

To  such  an  extent  have  mechanical  ap- 
pliances superseded  hand  labor  in  the 
treatment  of  copper,  that  now.  at  the 
principal  copper-mining  centers,  the  ore 
once  shoveled  into  the  tram-cars  at  the 
mines  is  never  touched  again  by  a  shovel, 
but.  passing  variously  from  electric 
charging  cars  and  slag  cars,  up  electric 
elevators,  and  swung  by  electric  cranes. 
through  roaster^,  reverberatory  furnaces, 
and  Bessemer  converters,  finally  emerges 


as  pig  copper  at  one  end  and  waste  slag 
at  the  other. 

But  that  has  to  do  with  smelting.    Xo 

less   important   have  been  the  advances 


Hoisting  Engine,  over  Mine  Shaft. 

made  in  mining,  though  here,  naturally, 
progress  has  been  in  improved  machinery 
rather  than  new  methods.  Electricity  has 
had  a  marked  effect  upon  the  equipment 
of  the  copper  mine.  Ore-hauling  loco- 
motives, hoists,  air-compressors,  drills, 
pumps,  and  other  mining  machinery  are 
now  driven  electrically;  and  the  recent 
great  development  of  the  gas  engine  is 
leading  to  a  still  wider  application  of 
electric  power. 


VIEW  IN  COPPER-MINING  REGION  OF  UPPER  PENINSULA  OF  MICHIGAN. 

Tamarack  Mine  in  foreground.— In  square  building  with  tower,  on  right  of  picture,   is  the  deepest  shaft  in  the  world 

the    Red  Jacket,"  4.900  feet  deep,  one  of  the  Calumet  &  Hecla  shafts. 


THE  INDUSTRIAL  SIDE  OF  COPPER 


13 


The  depths  of  the  shafts  of  the  copper 
mines  in  the  Lake  Superior  district,  and 
also  in  Montana — some  of  them  over 
5.000  feet — have  called  for  the  solution 
of  many  new  problems  in  hoisting  ma- 
chinery. Double-cone  drums  with  four 
cylinders,  and  enormous  cylindrical 
drums  thirty  feet  in  diameter,  all  having 
a  capacity  of  seven  thousand  or  more 
feet  of  rope,  have 
been  variously  in- 
stalled to  meet  the 
conditions. 

Compressed  air  is 
u^cil  for  operating 
the  rock  drills  and 
the  pumps,  some  of 
the  newest  compress- 
ors having  a  capac- 
ity of  from  sixty 
to    eight}-    air    drills. 


crushed  having  openings  of  from  3-16 
inch.  There  are  hydraulic  sepa- 
rators, jigs,  tables,  winners,  and  regrind- 
ers  in  the  mill ;  and  when  the  ore  passes 
through  them  all,  it  emerges  as  a  "min- 
eral." so  called,  containing  anywhere 
from  40  to  85  per  cent  of  metallic  cop- 
per. This  mineral,  in  the  Lake  Superior 
district,  is  sent  to  the  smelting  works,  and 


Bunker  Hill  Mink,  Wardner,  Idaho. 
View  showing  different  levels. 

After  blasting,  the  rock  is  loaded  into 
cars  holding  two  and  a-half  to  ten  tons, 
and  in  these  hauled  by  electric  traction  to 
the  various  shafts,  where  it  is  hoisted 
to  the  surface  either  in  skips  that  are 
self-dumping  or  in  the  cars  themselves. 
A  rock-house  is  located  at  the  head 
of  each  shaft,  containing  a  crushing  plant 
which  breaks  the  rock  into  sizes  of  not 
larger  than  five  or  six  inches  in  diameter. 
Railways  then  convey  the  broken  rock 
to  the  stamp  mills,  which  are  equipped 
with  large  stamps  operated  by  high- 
pressure  steam.  From  400  to  550  tons  a 
day  is  the  average  capacity  of  each  stamp, 
the    screens    through    which    the    ore    is 


in  a  single  operation  is 
converted  into  a  high- 
grade  merchantable  cop- 
per. 

The  ore  found  in  the 
Butte  district  of  Mon- 
tana is  of  such  a  nature — a  mixture 
of  the  various  sulphide  copper  minerals, 
iron  pyrites,  and  silica — that  it  has  to 
undergo  a  dressing  by  water  to  eliminate 
some  of  the  silica  before  going  to  the 
smelter.  One  of  the  concentration  and 
smelting  plants  built  for  this  purposi 
more  than  S_\ooo,ooo  and  has  a  capacity 
of  5,000  tons  a  day.  Another  point  of 
difference  between  the  Butte  ores  and 
those  of  the  Lake  Superior  copper  dis- 
trict, is  that  the  former  are  so  soft  and 
friable  that  they  do  not  lend  themselves 
well  to  crushing  by  means  of  steam 
stamps  and  are  in  consequence  treated  by 
crushers  and  rolls. 
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Loading  Oke. 

Veta  Grande  Mine.  Greene  Consolidated  Copper 

Company,  Sonora,  Mexico. 

Planning  for  the  Future 
The  working  of  a  copper  mine  is  no 
haphazard  affair.  Apart  from  the  pre- 
cision which  characterizes  every  oper- 
ation of  drilling,  blasting,  and  hoisting, 
with  all  the  intermediary  steps  involved, 
dure  is  a  systematic  planning  for  the 
future,  which  must  he  as  painstaking  and 
as  far-seeing  as  are  the  means  whereby 
a  commander  of  a  great  army  provides 
for  the  feeding  and  equipment  of  his 
forces  and  for  their  safe  retirement  in 
case  of  defeat.  \Tew  drifts  are  opened 
years  ahead  of  their  prospective  actual 
operation  :  surveyors  are  at  work  meas- 


uring distances;  gangs  of  workmen  are 
busy  timbering,  and  laying  pipes  and 
cables  and  rails — all  in  preparation  for 
the  time  when  the  capacity  of  the  mine 
will  call  for  the  working  of  additional 
veins. 

Timbering  for  Supports 

The  timbering  of  a  great  copper  mine 
calls  for  all  the  practical  skill  of  the  ex- 
perienced miner,  and  the  expert  knowl- 
edge of  the  geologist  and  surveyor  as 
well.  With  hundreds  of  miles  of  tunnels, 
with   shafts  and   inclines  honeycombing 


1ESW00D  &  UNDERWOOD. 


In  the  Mountain's  Heart. 
Running  out  copper  ore.  Wilson  Mine.   Metcalf.  Arizona. 


Stoping. 
Elisa  Mine,  Sonora,  Mexico. 

the  ground  in  every  direction,  and  the 
lives  of  the  miners  dependent  upon  the 
stability  of  their  rock-hewn  workshops, 
the  importance  of  substantial  supports 
for  the  sides  and  roofs  is  easily  realized. 
In  some  of  the  mines,  the  rock 'is  so  hard 
as  to  require  but  little  timbering,  but  such 
cases  are  exceptional.  The  largest  of  the 
Lake  Superior  companies  uses  about  35,- 
000,000  feet  of  timber  a  year,  and  mills 
capable  of  mortising  sections  of  whole 
trees  for  underground  supports  have  been 
built.  The  timber  thus  used  is  rendered 
fireproof,  as  far  as  possible,  by  coating 
with  a  solution  of  zinc  chloride.' 

Methods  of  Smelting— The  Bessemer 
and  Other  Processes 

The  smelting  of  copper  ore — the  pro- 
cess which  changes  the  mineral  as  it 
comes  from  the  stamp  mills,  or  the  con- 
verters, into  the  copper  of  commerce— has 
undergone  marked  changes  in  methods 
during  recent  years.  For  centuries,  only 
two  systems  of  furnace  treatment  were 
employed— the  English  method,  in  open, 
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reverberatory  furnaces  :  and  the  German, 
in  small  shaft  furnaces.  The  invention, 
by  Bessemer,  of  a  process  for  treating 
iron,  based  on  the  combustion  of  the  car- 
bon and  silicon  contained  in  pig  iron  till 
they  are  reduced  to  the  percentage  which 
should  be  contained  in  soft  steel,  not  only 
revolutionized  the  steel  trade  but  had  an 
important  effect  on  copper. 

As  applied  to  copper,  the  Bessemer 
process  consists  in  blowing  great 
draughts  of  compressed  air  through  the 
matte,  the  oxygen  in  the  air  oxidizing  the 
sulphur  of  the  metallic  sulphides,  which 
escape  as  sulphur  dioxide.  During  this 
transformation  a  large  amount  of  heat 
is  liberated,  enough  to  keep  the  matte 
molten  for  some  time.  To  oxidize  forty 
tons  of  50  per  cent  matte  a  day,  4,000 


A  Water-Jacketed  Furnace. 

cubic  feet  of  air  a  minute  must  be  blown 
through  the  tuyeres  of  a  converter. 

There  is  a  difference  in  the  application 
of  the  Bessemer  method  to  iron  and  to 
copper.  In  the  former  case,  where  the 
material  is  not  a  single  metal  but  an  alloy 
of  iron  and  several  metals,  all  of  which 
evolve  great  heat  during  oxidation,  no 
difficulty  was  experienced  in  keeping  the 
mass  in  a  fluid  state  in  the  converters. 


Veta  Grande  Shaft,  No.  2,  Sonora,  Mexico. 

Copper,  however,  when  treated  in  the 
ordinary  steel  converter,  chilled  and 
clogged  the  tuyeres.  In  producing  steel, 
the  blast  of  air  is  forced  through  the  bot- 
tom of  the  converter  from  below,  and 
passes  through  the  molten  cast  iron  in 
vertical  tuyeres.  In  smelting  copper,  on 
the  other  hand,  in  order  to  avoid  the  clog- 


Pouring  Matte  into  Converter. 


L6 


THE    TECHNICAL    WORLD 


THE  FIRST  BLOW. 
During  this  stage,  a  partial  removal  of  iron  and  sulphur  occurs. 


CASTING  THE  FINAL  PRODUCT  INTO  MOULDS. 


THE  INDUSTRIAL  SIDE  OF  COPPER 


ging,  the  tuyeres  are 
elevated  and  horizontally 
set,  so  that  the  copper 
when  formed  settles  be- 
low their  level,  and  the 
tuyeres  can  easily  be 
reached  and  cleared  of 
any  copper  which  may 
adhere  to  them. 

A  distinct  advance  in 
the  application  of  the 
Bessemer  process  t  o 
copper  smelting  has 
been  made  by  the  inven- 
tion of  a  new  type  of 
converter  w  h  i  c  h  is 
rapidly  coming  into  use. 
This  converter  differs 
from  the  old  form  in 
being  spherical,  and  in 
possessing  a  "pocket" 
located  near  the  mouth. 
into  which  the  precious  metals  (-old 
and  silver)  found  in  the  copper  ore 
drop  and  are  separated.  The  principle 
of  the  invention  is  the  well-known  one, 
that,  in  forcing  air  through  molten  cop- 
per matte,  the  precious  metals  lose  their 
sulphur  first,  and  sink  to  the  bottom  as 
alloys,  at  the  same  time 
taking  .with  them  such 
impurities  in  the  matte 
as  lead,  zinc,  nickel,  co- 
balt, arsenic,  and  anti- 
mony. All  the  gold 
which  may  exist  in  the 
matte  is  found  in  this 
bottom  copper,  and  it  is 
separated  by  electrolysis 
after  the  whole  has  been 
cast  into  anode  plates. 

The  saving  of  labor 
and  the  greater  speed  in 
operation,  through  the 
Bessemer  process,  is 
marvelous.  Minutes  will 
now  suffice  where  hours 
lie  fore  were  required ; 
and  square  feet  of  space 
will  be  sufficient  where 
formerly  acres  were  cov- 
ered by  furnaces  and  roasting  stalls. 

The  Bessemer  process,  of  course,  is 
applicable  only  to  copper  which  contains 
a  certain  amount  of  sulphur ;  and  in  the 
Lake  Superior  district,  where  unalloyed 
copper  is  found,  other  methods  are  em- 


Smelting  Furnaces,  with  Si. at.  Cars. 

ployed.  There  the  mineral,  as  it  comes 
from  the  stamp  mill,  is  charged  into  re- 
verberator}- furnaces  and  melted  down, 
and  the  slag  is  skimmed  off.  It  is  rab- 
bled and  poled,  and  is  then  fit  to  be  cast 
into  ingots  or  wire  bars. 

There  are  more  than  fifty  copper  smelt- 


Bullion  Floor  of  a  Copper  Smelting  Plant. 

ing  and  refining  establishments  in  the 
United  State-,  and  their  aggregate  pro 
ductive  capacity  is  $65,000,000  worth  of 
copper.  As  shown  by  the  latest  figures 
obtainable,  they  give  employment  to  15,- 
000  wasre-earners. 
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Many-Sided  Activities  of  the   U.  S.    Naval   Observatory   at  Washington,   D.  C. 
The  Determination  of  Time,  and  Other  Important 
Astronomical    Work 


By  WALDON   FAWCETT 


SEVERAL  notable  achievements  and 
a  progressive  advance  in  aims  and 
administration,  have  of  late 
brought  into  special  prominence 
the  work  of  the  United  States  Naval  (  )b- 
servatory  at  Washington,  D.  C.  Though 
the  youngest  among  the  great  astron- 
omical institutions  of  the  New  World, 
this  observatory  unquestionably  ranks 
with  that  at  Greenwich,  near  London, 
and  that  at  Pulkowa  near  St.  Petersburg. 
It  is  but  little  known,  however,  to  the 
general  public  in  the  United  States. 
Though  its  unusual  attainments  have 
won  the  enthusiastic  admiration  of  scien- 
tific circles  throughout  the  world,  it  is 
less  heard  of  than  are  many  private  in- 
stitutions in  this  country.  This  is  doubt- 
less due  in  great  measure  to  the  fact 
that  the  object  of  the  governmental  in- 
stitution is  not  the  further  discovery  of 
the  unknown,  but  the  development  and 
application  of  the  known — the  one  pur- 
pose which,  of  the  two,  is  likely  to  be  by 
far  the  more  beneficial  to  mankind  in 
general. 

Growth  of  the  Institution 

The  United  States  Naval  (  Jbservatory 
was  established  in  1842,  prior  to  which 
time  this  Government  was  almost  wholly 
dependent  upon  Greenwich,  Pulkowa, 
and  Paris,  and  on  college  observatories 
on  this  side  of  the  Atlantic.  As  early  as 
1833,  however,  there  appeared  a  fore- 
runner of  the  present  magnificent  institu- 
tion, in  the  form  of  an  unpretentious 
frame  structure  sixteen  feet  square. 
erected  under  the  shadow  of  the  National 
Capitol  at  the  expense  of  Lieutenant 
Wilkes,  an  American  naval  officer.  This 
small  building  was  equipped  with  a  5-foot 
Troughton  transit  which  had  been  manu- 
factured in  England  early  in  the  century 


for  the  use  of  the  United  States  Coast 
Survey,  but  which  was  not  needed  for 
that  service  when  Congress  refused  to 
authorize  the  establishment  of  a  national 
observatory. 

The  object  of  Lieutenant  Wilkes  in 
establishing  his  naval  observatory  in 
embryo,  was  solely  to  provide  facilities 
for  obtaining  the  clock  errors  needed  for 
the  determination  of  true  time  and  the 
rating  of  naval  chronometers  then  under 
his  charge.  However,  the  testing  of  all 
chronometers  and  other  naval  instru- 
ments used  by  United  States  vessels  was 
found  to  be  so  wise  and  beneficial  that 
the  Secretary  of  the  Navy  speedily  took 
it  upon  himself  to  give  the  little  observ- 
atory official  recognition  under  the  title 
"A  Depot  for  Charts  and  Instruments." 
and  an  officer  was  regularly  detailed  to 
look  after  the  work  of  the  institution. 

In  1838,  there  were  made  upon  the 
young  institution  unexpected  demands 
which  in  their  fulfilment  so  demonstrated 
its  usefulness  that  its  future  was  in  a 
measure  assured.  An  exploring  expedi- 
tion in  the  results  of  whose  researches 
the  United  States  was  very  deeply  in- 
terested, sailed  for  the  South  Seas:  and. 
in  perfecting  the  plans  for  its  work,  the 
discovery  was  made  that  it  was  well- 
nigh  essential  to  the  accurate  determina- 
tion of  the  longitude  of  the  places  visited 
by  the  expedition,  that  corresponding  ob- 
servations should  be  made  at  home,  in 
order  to  a  ("ford  comparisons  with  the 
data  obtained  by  the  explorers.  The 
Secretary  of  the  Navy  turned  this  task- 
over  to  Lieutenant  Gilliss,  who  had  suc- 
ceeded Lieutenant  Wilkes,  the  founder 
of  the  Observatory:  and.  under  stress  of 
the  new  exactions,  an  achromatic  tel- 
escope was  added  to  the  equipment  of 
the     miniature     institution.       For     four 
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THE  BIG  TELESCOPE  AT  THE  NAVAL  OBSERVATORY. 


years,  though  handicapped  by  inadequate 
equipment,  Lieutenant  Gilliss  discharged 
faithfully  and  accurately  the  duties  thus 
suddenly  thrust  upon  him,  and  won  by 

his  success  the  applause  of  many  of  the 
foremost  astronomers  of  Europe. 

The  most  clearly  defined  development 
of  this  interesting  institution  dated  from 
the  time  when,  as  a  result  of  the  object- 
lesson  afforded  by  the  work  of  Gilliss,  an 
appropriation  of  $25,000  was  secured. 
Even  after  this,  however,  the  establish- 
ment continued  to  be  known  officially  as 
the  Depot  of  Charts  and  Instruments, 
partisan  reasons  preventing  Congress 
from  allowing  it  to  be  designated  as  an 
"<  ibservatory." 

The  first  site  chosen  for  the  permanent 
home  of  the  institution  was  selected  by 
President  Tyler.  It  consisted  of  a  tract 
of  nineteen  acres  which  had  originally 
been  set  aside  for  a  national  university 
— one  of  the  pet  schemes  of  George 
Washington.  This  location  was  soon 
found  to  be  unsatisfactory,  owing  to  the 
fact  that  its  proximity  to  the  heart  of 
the  city  involved  almost  constant  vibra- 
tion ;  but  it  was  not  until  1884  that  Con- 


gress could  be  induced  to  make  appro- 
priation for  the  purchase  of  the  present 
admirable  site  on  Georgetown  Heights, 
overlooking  the  national  capital. 

Once  the  new  institution  was  formally 
established,  the  Obervatories  at  Berlin, 
Paris,  Greenwich,  and  Vienna  generously 
made  a  donation  of  some  two  hundred 
rare  volumes  of  the  highest  standard, 
as  a  nucleus  for  an  astronomical  library. 
With  this  modest  start,  the  library  of  the 
Naval  Observatory  has  grown  until  the 
collection  now  numbers  more  than  22,- 
000  volumes  and  pamphlets,  and  ranks 
second  only  to  that  at  Pulkowa.  In  1874 
the  institution  installed  the  largest  re- 
fracting telescope  then  in  existence — the 
famous  26-inch  equatorial.  This  tele- 
scope was  set  in  place  just  in  time  to 
observe  the  transit  of  Venus,  which  oc- 
curs but  about  once  in  a  lifetime  and 
which  affords  a  valuable  method  of  de- 
termining the  sun's  parallax — the  base- 
line measurement  for  determining  ce- 
lestial distances. 

The  present  home  of  the  Naval  Ob- 
servatory was  completed  in  1893.  As 
has  been  explained,  the  site  has  a  con- 
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siderable  elevation  over  much  of  the  sur- 
rounding country;  and  the  original  site 
has  been  so  extended  by  supplementary 
purchases  of  land,  that  the  proper  and 
essential  isolation  of  the  institution  would 
seem  to  be  insured  for  all  time. 

Equipment 

The  equipment  of  the  Naval  *  observa- 
tory is  all  that  could  be  desired.  The 
dome  that  houses  the  great  equatorial  is 
a  particularly  wonderful  piece  of  mech- 
anism. Although  exceeding  six  tons  in 
weight,  it  is  so  perfectly  balanced  that  its 
huge  bulk  can  be  swung  round,  raised,  or 
lowered  by  one  man  without  excessive 
effort.     The  dome  rolls  around  on  a 


includes  a  9-inch  transit,  a  6-inch  transit 
circle,  a  12-inch  equatorial,  a  prime  ver- 
tical transit  instrument,  a  6-inch  azimuth, 
and  a  40-foot  photo-heliograph.  The 
latter  is  used  in  the  daily  photographing 
of  the  sun. 


Another  View  of  the  26-Inch  Equatorial 

at  the  Naval  Observatory. 

This  refracting  telescope  is  surpassed  in  size  only  by  the 

3t>-inch  Lick  and  40-inch  Yerkes  refractors. 


cular  wall  so  that  an  opening  for  the 
telescope  can  be  presented  toward  any 
part  of  the  heavens.  The  entire  floor 
of  the  apartment  containing  the  large 
telescope,  rises  and  falls  by  means  of 
hydraulic  power,  after  the  fashion  of  an 
elevator,  thus  giving  easy  access  to  the 
instrument  in  all  positions. 

In   additon   to  the  26-inch   equatorial, 
the  equipment  of  the  Naval  Observatory 


A  feature  of  the  equipment  which  is 
worth v  of  special  mention,  is  the  Clock 
1'.  or.  rather,  the  vault  connected 
therewith,  which  was  designed  and  con- 
structed with  a  view  to  removing  from 
all  disturbing  influences  the  delicately  ad- 
justed time-pieces  upon  which  depend- 
ence must  be  placed  in  much  of  the  work 
of  the  Observatorv.     The  clock  vault  is 
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8  feel  square  and  7  feel  high;  and  its 
whole  construction  has  been  with  a  view 
to  keeping  the  temperature  very  nearly 
constanl  throughout  the  year.  In  the 
vault  is  a  frame  structure  of  the  dimen- 
sions above  given  ;and,  inclosing  this,  is  a 
o-inch   brick   wall.      Between   the   frame 


thai   there  has  thus  far  been  little  dam- 
age from  rnst. 

Time  Signals  Flashed 

One  of  the  most  important  functions 
of  the  Naval  Observatory  is  found  in 
the  daily  distribution  of  the  correct  time 


TRANSIT  INSTRUMENT. 
Used  in  determining  time  by  observing  passage  of  star  across  meridian. 


and  brick  construction  there  is  an  air 
space  of  12  inches  which  contains  hot- 
water  pipes  for  heating-.  The  entire 
structure  is  closely  roofed  with  boards, 
inclosing-  a  6-inch  layer  of  asbestos  wool. 
The  vault  contains  three  brick  piers  for 
clocks,  and  one  smaller  pier  for  mount- 
ing a  pendulum  apparatus  designed  for 
testing  the  minor  irregularities  of  clock 
rates.  The  vault  is  provided  with  triple 
doors  and  with  means  for  slow  ventila- 
tion ;  and,  inasmuch  as  it  is  located  on 
the  summit  of  a  hill,  the  drainage  con- 
ditions are  such  that  the  basement  con- 
taining the  vault  is  remarkably  dry,  so 


to  every  portion  of  the  United  States. 
This  is  effected  by  means  of  telegraphic 
signals,  which  are  sent  out  from  Wash- 
ington at  noon  daily,  except  Sundays. 
The  original  object  of  this  time  service 
was  to  furnish  mariners  in  the  seaboard 
cities  with  the  means  of  regulating  their 
chronometers ;  but,  like  many  another 
governmental  activity,  its  scope  has  grad- 
ually broadened  until  it  has  become  of 
general  usefulness.  The  electrical  im- 
pulse which  goes  forth  from  the  Observ- 
atory at  noon  each  day,  now  sets  or  regu- 
lates automatically  more  than  70,000 
clocks  located  in  all  parts  of  the  United 
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States,  and  also  serves,  in  each  of  the 
larger  cities  of  the  country,  to  release 
a  time-hall  located  on  some  lofty  build- 
ing of  central  location.  The  dropping 
of  the  time-hall — accompanied,  at  some 
points,  with  the  simultaneous  firing  of  a 
cannon — is  the  signal  for  the  regulation 
by  hand  of  hundreds  of  other  clocks  and 
watches  in  the  vicinity. 

The  large  telescope  —  which,  by  the 
way,  cost  $_|/>,ooo,  and  has  few  rivals 
save  the  36-inch  Lick  telescope  in  Cali- 
fornia and  the  40-inch  Verkes  telescope 
ot"  the  University  of  Chicago — is  not  used 
in  the  determination  of  time.  In  this 
work,  only  the  transit  instrument  is  used. 
By  means  of  this  latter  piece  of  ap- 
paratus, an  observer  watches  the  move- 
ments of  the  stars  on  each  clear  night, 
and,  by  their  aid.  corrects  the  large  Frod- 
sham  clock  which  stands  in  the  Signal 
Room  of  the  Observatory. 

In  this  phase  of  the  observations, 
spiders"  webs  play  an  important  part,  be- 
ing used  to  form  cross-lines  extending 
at  right  angles  across  the  field  of  view 
so  as  to  divide  it  into  mathematical 
spaces.  The  web  of  the  spider,  it  may 
he  explained,  is  not  only  exceedingly 
fine,  but  of  great  strength  considering 
its  delicacy  of  texture.  These  nets  of 
fragile  strands  also  possess  remarkable 
stability  in  another  respect — namely,  that 
they  are  not  affected  by  moisture,  and  do 
not  expand  or  contract  as  a  result  of 
changes  in  temperature.  Formerly  the 
directors  of  the  Naval  Observatory  sent 
to  China  for  all  the  spiders'  webs  re- 
quired, it  being  supposed  that  the  large 
spiders  of  the  Orient  produced  the  most 
desirable  webs  for  scientific  purposes ; 
but  of  late  years  it  has  been  discovered 
that  the  webs  of  spiders  found  in  cer- 
tain portions  of  the  United  States  are 
equally  suitable. 

How  Time  is  Determined 

The  time  determination  at  the  Naval 
Observatory  is  manifestly  one  of  its  most 
important  activities,  since  the  sun  is  ir- 
regular and  cannot  safely  be  depended 
upon  as  a  measurer  of  time.  The  actual 
elapsed  time  required  for  one  revolution 
of  the  earth  on  its  axis  can  be  accurately 
determined  only  by  measuring  the  in- 
terval between  two  passages  of  a  given 
star  across  a  designated  meridian  of  the 


earth — intervals  which  do  not  vary  from 
century  to  century.  This,  then,  becomes 
the  basis  of  the  work  of  time  determina- 
tion. It  is.  however,  a  foundation  not 
secured  without  considerable  effort,  for 
the  number  of  revolutions  which  the 
earth  actually  makes  on  its  axis  is  one 
greater  than  the  number  of  so-called 
solar  days  in  the  year  as  prescribed  by 
the  calendar  in  common  use.  Accord- 
ingly, the  day,  hour,  minute,  and  second 
as  determined  by  the  stars  are  shorter 
than  those  of  the  sun  as  told  off  by  our 
clocks  ;  and  consequently  the  time  of  the 
"star  clock" — which  is  corrected  directly 


Sending  Noonday  Time  Signal. 

from  the  stars  by  means  of  the  transit 
— must  needs  be  translated  into  solar 
time  ere  it  can  he  of  use  to  Uncle  Sam's 
citizens  in  the  readjustment  of  their  time- 
pieces. 

Time  correction  by  the  stars  is  in  it- 
self an  interesting  process.  As  an  aid, 
the  observer  lias  the  Nautical  Almanac, 
a  practically  infallible  time-table  of  the 
stars.  This  great  work  is  compiled  year 
by  year  as  the  combined  result  of  that 
careful  timing  of  the  days  of  the  stars 
which  is  ever  in  progress  at  all  the  prin- 
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cipal  observatories  scattered  over  the 
globe.  B)  consulting  the  Almanac,  an 
observer  learn-  at  exactly  what  hour. 
minute,  and  second  the  star  under  ob- 
servation should  cross  the  meridian. 
Taking  his  place  under  the  telescope,  he 


Automatic  Signal  Clocks. 

awaits  the  scheduled  passage  of  the  star. 
Precisely  as  the  latter  crosses  the  imagi- 
nary line,  the  observer  presses  a  telegraph 
key.  and  the  exact  time  of  passage  is  ac- 
curately registered  by  the  chronograph. 
This  instrument,  in  popular  parlance, 
might  be  compared  to  a  clock  with  a  re- 
volving cylinder  of  paper  for  a  dial. 
Moving  over  this  paper,  instead  of  a 
second  hand,  is  a  fountain  pen  which 
answers  the  electrical  impulse  by  mak- 
ing a  mark  on  the  paper  cylinder  at  the 
exact  instant  that  the  circuit  is  closed. 
The  "star  clock"  whose  inaccuracies  are 
thus  determined  at  such  cost  of  time  and 
labor,  is  never  literally  set  right.  Allow- 
ance is  merely  made  in  subsequent  cal- 
culations for  any  errors  which  may  have 
been  discovered,  these  errors  amounting 
only  to  an  infinitesimal  part  of  a  second 
in  many  days. 

The  translation  and  transmission  of 
the  correct  time  from  the  star  clock  to  the 
clocks  which  are  directly  responsible  for 
the  sending  of  the  time  signal,  is  ac- 
complished by  mechanical  methods  very 
similar  to  those  already  referred  to.  The 
paper-covered  cylinder  of  the  recording 
device  is  made  to  revolve  at  a  fixed  speed. 


passing  under  a  stationary  pen  loaded 
with  red  ink.  Behind  the  dial  in  each 
clock,  marking  the  seconds,  is  a  cogged 
wheel  each  cog  of  which  in  turn  touches 
a  brass  spring,  thereby  closing  the  cir- 
cuit of  a  battery,  and,  by  a  mechanical 
arrangement,  causing  the  pen  above  men- 
tioned  t<>  make  a  horizontal  mark  on  the 
paper  enveloping  the  cylinder.  This  af- 
fords a  permanent  record  of  each  second. 
The  star  clock  is  also  in  circuit  with  the 
recording  pen.  A  cup  of  mercury  rest- 
ing in  the  clock  is  connected  with  one 
pole  of  the  battery.  The  pendulum  is 
connected  with  the  other.  As  the  latter 
swings,  it  touches  the  mercury  in  the 
cup,  closing  the  circuit  and  sending  an 
electric  impulse  which  causes  the  pen  to 
do  its  work.  It  is  comparatively  easy  to 
set  one  of  the  ordinary  clocks  within  a 
second  of  the  star  clock  ;  but  an  adjust- 
ment of  a  fraction  of  a  second  requires 
measurements  of  great  nicety.  Correc- 
tions such  as  above  described  are  made 
a  comparatively  short  time  before  noon, 
so  that  there  will  be  little  opportunity 
for  the  clocks  to  gain  or  lose  before  the 
time  at  which  the  all-important  signal  is 
dispatched. 

The  clocks  which  contain  the  me- 
chanism for  sending  the  time  signal,  cost 
upwards  of  $800  each.  As  a  precaution 
against  accident,  two  of  these  clocks  are 
provided  ;  but  only  one  is  used  in  sending 
the  signal.  At  three  and  a-quarter  min- 
utes before  noon,  the  signal  clock  is 
switched  into  the  telegraph  circuit  which 
covers  the  entire  country ;  and  from  that 
moment  until  the  sending  of  the  signal, 
all  business  is  suspended  throughout  the 
350,000  miles  of  telegraph  lines  over 
which  it  is  to  be  flashed.  Warnings  of 
the  approach  of  the  time  signal  precede 
by  short  intervals  the  actual  announce- 
ment of  the  noon  hour.  These  warnings 
are  in  part  sent  automatically.  The  signal 
clock  is  fitted  with  a  toothed  wheel  which 
is  located  directly  behind  the  wdieel  that 
marks  the  seconds,  and  which  is  divided 
into  sixty  spaces  corresponding  to  the 
seconds  in  a  minute.  However,  the 
tooth  representing  the  twenty-ninth 
second  is  missing ;  and  so.  likewise,  are 
those  representing  the  fifty-fifth  to  the 
fifty-ninth  second,  respectively.  As  the 
wheel  revolves,  the  teeth  come  in  contact 
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with  a  spring  which  is  in  connection  with 

the  electric  current,  closing  the  circuit 
and  causing  the  sounder  to  respond.  The 
absence  of  the  twenty-ninth  tooth  causes 

the  twenty-ninth  signal  to  be  omitted, 
and  indicates  the  approach  of  a  half- 
minute;  and  then  the  skipping  of  the 
five  heats  announces  the  approaching 
conclusion  of  the  minute.  All  this  takes 
place  in  the  next  to  the  last  minute  of 
the  final  hour.  There  is  a  third  warn- 
ing interval  of  twenty  seconds  before  the 
supreme  signal  ;  hut  this  is  produced  not 


dm,  m,  or  at  [2  o'clock  standard  Eastern 
time,  and  there  are  four  different  stand 
ard  times  in  the  United  States,  deter 
mined  by  geographical  locations,  it  will 
be  appreciated  that  the  signal  from 
Washington  will  reach  the  Central, 
Mountain,  and   Pacific  Time   Belts  at   i  i 
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automatically  hut  by  the  telegraph  oper- 
ator at  the  Observatory,  and  occurs  when 
he  moves  the  switch  key  which  throws 
out  of  the  circuit  the  wheel  marking  the 
seconds,  and  throws  into  the  circuit  the 
wheel  marking  the  minutes. 

In  the  final  one-hundredth  of  the  last 
second  of  the  fifty-ninth  minute  of  the 
last  hour  at  Washington,  the  tooth  of 
the  minute  wheel  touches  the  spring 
which  closes  the  circuit.  Simultaneously, 
the  announcement  is  flashed  to  every  part 
of  the  country,  the  flow  of  the  current 
serving  of  itself  to  release  the  time-halls 
which  have  shortly  before  been  hoisted 
to  the  tops  of  the  staffs  in  various  cities. 
How  rapidly  the  signal  travels  may  he 
appreciated  from  the  fact  that  it  is  flashed 
from  Washington  to  San  Francisco  in 
one-fifth  of  a  second.  Since  the  time 
signal   is  sent  out  from   Washington  at 


o'clock,  10  o'clock,  and  9  o'clock  a.  m.. 
respectively.  On  the  last  night  of  the 
year,  the  time  signal  which  in  this  in- 
stance marks  the  advent  of  the  Xew  Year 
— is  sent  entirely  around  the  world,  trav- 
eling over  [,l8o,000  miles  of  wire  and 
cables,  and  making  the  circuit  of  the 
globe  in  ten  seconds. 

Yet  another  phase  of  the  activities  of 
the  Naval  <  >bservatory  is  found  in  the 
regulation  of  all  the  chronometers  of  the 
Navy.  Now  important  is  this  duty,  may 
be  appreciated  from  the  fact  that  a  sec- 
ond of  error  in  a  ship's  chronometer  at 
the  equator  means  a  variation  of  more 
than  sixteen  miles  easl  or  west  of  the 
mariner's  calculation  of  his  position. 

Photographing  the  Sun 
Tn   the   photographing  of   the   sun   to 

which    reference    has    previously    been 
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made,  extreme  care  and  skill  arc  re- 
wired, it  being  necessary  to  use  extreme- 
ly delicate  plates  and  to  develop  them 
l.\  special  methods.  Considerably  more 
than  one  hundred  photographs  of  the  sun 
are  made  each  year.  The  camera  with 
which  the  sun  is  photographed  lias  a  tri- 
angular box  35  feet  in  length.    The  lens 


is  five  inches  in  diameter,  and  has  a  focal 
length  of  forty  feet.  The  shutter  travels 
across  a  six-inch  opening-.  The  negatives, 
which  are  taken  on  every  clear  day  in  the 
year,  are  carefully  filed  for  reference,  and 
are  measured  with  the  greatest  accuracy 
in  order  to  show  the  changing  positions 
of  the  sun  spots,  their  sizes.,  shapes,  etc. 


ay< 


Tv  FIE  day  returns,  and  brings  us  the 
I  petty  rounds  of  irritating  concerns 
and  duties,  €j[  Help  us  to  play  the 
Man.  ^  Help  us  to  perform  them 
with  laughter  and  kindly  faces. 
^  Let  cheerfulness  abound  with 
industry.  {JGive  us  to  go  blithely  on  our  Own 
business  all  this  day ;  bring  us  to  our  resting  beds 
Weary  and  Content  and  Undishonored;  and  grant 
us  in  the  end  the  gift  of  sleep.     Amen  ! 

— Robert  Louis  Stevenson. 
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Electrification  of  Steam  Roads 

The  Electrical  Equipment  of  Terminals  the  Forerunner  of  Electrical 
Main-Line   Operation 


By  RAY  HAMILTON 


THE  electric  locomotive  is  King! 
The  coronation  ceremonies  will 
take  place  when  the  Xew  York 
Central  discards  its  ancient  and 
honorable  steam  engines,  and  substitutes 
instead  the  new  giants  operated  by  that 
perhaps  most  mysterious  and  subtle  of 
all  forms  of  energy — electricity. 

Exhaustive  tests  of  both  methods  of 
traction  have  demonstrated  unequivocally 
the  superiority  of  electric  over  the  fa- 
miliar steam  service  in  the  operation  of 
interurban  railroads  ;  and  hence  the  signs 
of  the  times  point  to  the  complete  ascend- 
ency of  the  former  and  the  final  elimina- 
tion of  the  latter. 

This  may  seem  like  a  rash  and  sweep- 
ing statement ;  but  with  the  experimental 
data  at  hand  of  past  performances,  and 
the  knowledge  that  the  engineering 
sciences  are  sufficiently  exact  to  eliminate 
all  probable  chances  of  error,  there  seems 
little  likelihood  of  any  other  outcome. 

Evolution  of  the  Electric  Road 

This  long  stride  toward  a  more  per- 
fect system  of  transportation,  had  its  in- 
ception when  the  electric  street  railway, 
as  developed  by  Van  Depoel,  Sprague, 
Thomson,  and  others,  was  substituted 
for  the  mule  some  twenty  years  ago.  So 
successful  has  been  this  application  of 
the  electric  motor  over  animal  power, 
that  suburban  and  interurban  electric 
roads  have  grown  to  gigantic  propor- 
tions, and  there  are  now  over  30,000 
miles  of  electric  lines  to  less  than  300 
miles  of  horse-car  lines  in  the  United 
States. 

The  first  electrically  operated  elevated 
road  was  designed  and  put  into  operation 
by  Mr.  Bion  J.  Arnold,  Past  President 
of  the  American  Institute  of  Electrical 
Engineers,  for  the  World's  Fair  held  in 
Chicago  in   1893 ;  and  the  thousands  of 


passengers  carried  by  that  short  but 
epoch-making  "Intramural  Railway"  will 
vouch  for  the  ideal  manner  in  which  it 
fulfilled  its  mission. 

This  eventually  led  to  the  dethrone- 
ment of  the  smoky  and  noisy  steam  dum- 
my by  the  silent  and  cleanly  electrically- 
propelled  cars  on  the  Xew  York  and  Chi- 
cago elevated  roads;  and,  with  the  con- 
stant advances  in  electrical  appliances — 
from  the  great  generators  in  the  power 
houses  to  the  motors  beneath  the  cars — 
the  revised  conditions  showed  a  marked 
decrease  in  operating  expenses  and  a  de- 
cided increase  in  traffic. 

New  York  Central  Takes  up  the 
Problem 

The  t raged}-  which  occurred  in  the  tun- 
nel of  the  New  York  Central  Railroad 
in  Xew  York  City,  a  couple  of  years  ago, 
whereby  seventeen  persons  lost  their  lives 
and  twice  that  number  were  injured, 
caused  the  railroad  company  to  seek  ways 
and  means  to  prevent  a  repetition  of  the 
horror.  As  was  brought  out  in  the  offi- 
cial investigation  that  followed,  the  ac- 
cident was  due  to  the  smoke  of  the  pass- 
ing engines  obscuring  the  signal  lights 
and  thus  preventing  the  engineer  from 
seeing  that  these  were  set  against  him. 
Competent  engineers,  accordingly,  were 
promptly  engaged  to  work  out  the  prob- 
lem of  a  safety  factor,  and,  unlike  the 
proverbial  doctors,  they  agreed  that  elec- 
tricity would  furnish  the  logical  solution 
— that  is,  if  this  form  of  power  could  be 
operated  as  economically  as  steam.  For 
railway  corporations  are  not  philanthro- 
pists ;  and  back  of  safety,  of  comfort — of 
everything,  in  fact — the  "almighty  dol- 
lar" is  the  paramount  issue. 

But  the  engineers,  headed  by  Mr.  Ar- 
nold, who  was  commissioned  by  the  rail- 
way company  to  investigate  the  condi- 
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tions,  believed  that,  even 
in  the  present  state  of 
the  art,  the  patrons  of 
the  road  would  not  only 
he  benefited  by  the  im- 
proved transportation 
facilities  which  electric 
propulsion  would  pro- 
vide, but  that  the  share- 
holders of  the  company 
would  profit  by  the 
change  as  well.  The 
latter  was  the  hook 
upon  which  the  adoption 
of  electricity  really 
hung,  and  in  order  to 
substantiate  their  the- 
ories with  actual  facts  it 
was  necessary  to  make 
tests  and  adduce  the 
comparative  cost  of  op- 
erating trains  by  the  old 
and  the  new  forms  of 
motive  power. 

Comparative  Tests  of 
Steam  and  Electricity 

Though  not  difficult 
of  accomplishment,  the 
tests  had  to  be  made 
with  exceeding  care,  for 
reputations  were  at 
stake,  and  an  error  in  the 
calculations  would  have 
given  a  fatal  set-back  to 
the  whole  proceeding. 
Although  both  the  steam 
and  electrical  deductions 
had  been  gone  over  a 
hundred  times  previous- 
ly, they  were  based 
largely  upon  tests  of 
surface  and  elevated 
roads ;  and  while  there 
was  little  probability  that 
these  would  not  hold 
good  for  the  proposed 
installation  on  a  greater 
scale,  fresh  trials  on  the 
company's  own  road 
were   deemed   advisable. 

The  first  thing  to  hi 
done,  then,  was  to  ascer- 
tain the  amount  of 
power  required  to  haul 
the  passenger  trains  with 
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steam  locomotives  over  the  division  that 
includes  the  tunnel  which  was  the  scene  of 
the  accident  above  referred  to.  The  total 
mileage  between  Mott  Haven  Junction 
and  Grand  Central  Station  (Forty-second 
street)  is  five  and  three-tenths  miles,  the 
road  being  four-track,  on  which  trains  of 
three  divisions  of  the  Xew  York  Central 
and  the  main  line  of  the  Xew  York,  New 
Haven  &  Hartford  Railroad  enter  New 


ever_\-  twenty- four  hours.  With  this  num- 
ber passing  through  the  tunnel  each  and 
every  daw  the  only  wonder  is  that  acci- 
dents are  not  more  frequent,  since  the 
semaphores,  the  colored  lights,  the  steam, 
the  smoke,  the  whistles,  and  the  bells  are, 


Overhead  Special  Work,  Substation,  and  Barn, 
New  York  Central  Test  Track. 


York  City.  The  tracks  are  supported  on 
an  elevated  structure  of  steel  and  stone 
for  a  distance  approximating  two  and  a- 
half  miles,  then  pass  through  the  tun- 
nel beneath  Park  avenue  for  another  two 
miles,  and  finally  reach  the  Grand  Central 
Station  through  an  open  cut  about  three- 
fourths  of  a  mile  long. 

These  roads  terminate  in  an  intricate 
stub-end  system  consisting  of  a  maze  of 
tracks  on  which  600  trains  are  handled 


it  would  seem,  enough  to  confuse  even 
the  coolest-headed  engine-driver. 

There  were  numerous  variable  ele- 
ments— such  as  the  number  of  cars, 
weight  of  trains,  track  profile,  degree  of 
curvature,  pull  of  locomotives,  coal  con- 
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Master  Controller. 
Front  view. 

sumption,  etc. — all  of  which  must  be 
known  before  the  actual  cost  of  operation 
could  be  arrived  at.  As  these  factors  do 
not  in  any  case  conveniently  lend  them- 
selves to  determination  by  mathematical 
processes,  a  dynamometer  car.  owned 
jointly  by  the  Illinois  Central  Railroad 
and  the  University  of  Illinois,  was  ob- 
tained for  the  purposes  of  the  test. 

By  coupling-  the  dynamometer  car  be- 
tween the  engine  and  the  train,  the  draw- 
bar pull  could  be  measured  ;  and  by  mak- 
ing four  runs  with  each  type  of  train, 
and  testing  a  large  number  of  trains 
of  different  weights,  the  average  power 
required  for  each  load — the  mean  load  of 
the  total  number  of  trains — was  easily 
found.  The  method  by  which  all  these 
records  were  made  will  be  easily  under- 
stood from  the  illustrations  and  descrip- 
tion of  the  dynamometer  car  and  its 
measuring  and  indicating  instruments. 

On  the  dynamometer  car  the  draw-bar 
is  secured  by  means  of  a  suitable  rod  to 
a  piston-head  fitting  closely  in  a  cylinder 
filled  with  oil.  The  pull  at  the  draw-bar 
consequently  produces  a  pressure  upon 
this  oil  which  is  transmitted  through 
suitable  piping  to  the  recording  device. 


The  latter  consists  of  a  Bourdon  gauge. 
By  means  of  an  arm  carrying  at  its  ex- 
tremity a  pen,  a  tracing  is  made  upon 
paper  which  is  drawn  past  the  pen  by 
gearing  from  the  car  axle,  in  such  a  way 
that  the  height  of  the  record  from  the 
base-line  is  proportional  to  the  draw-bar 
pull. 

This  base-line,  the  time  and  position 
lines,  are  each  traced  by  a  separate  pen, 
the  time  record  being  made  every  five 
seconds  by  means  of  clockwork,  and  the 


Longitudinal  Section  through  Frame  of  Large 
Electric  Locomotive. 

position  line  recorded  at  mile-posts,  sta- 
tions, etc.,  by  an  electric  current  closed 
by  hand. 

The  other  instruments  in  use  on  the  car 
during  the  tests  were  a  Boyer  speed  re- 
corder ;  an  anemometer,  for  recording  the 
relative  velocity  of  the  wind ;  and  a 
weather  vane,  for  showing  the  direction 
of  the  wind  relative  to  the  direction  of 
travel  of  the  car. 


Contactors  and  Rheostats  in  Cab  of  Electric 
Locomotive. 
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The  dynamometer  consists  of  three 
cylinders  coupled  together,  the  largest 
having  an  effective  area  of  60  square 
inches ;  the  intermediate,  30  inches ;  and 
the  smallest,  5  inches.  This  arrange- 
ment gives  a  working  pressure  of  the  oil 
in  the  cylinders  varying  from  300  to 
1,000  pounds  per  square  inch.  With  this 
range  of  pressure,  the  largest  cylinder 
has  sufficient  capacity  for  the  heaviest 
freight  service,  the  next  cylinder  being 
used  when  testing  a  train  of  ordinary 
tonnage,  and  the  smallest  cylinder  when 
working  with  a  light  train. 

From  the  readings  taken,  a  dynamome- 
ter car  record  was  platted  for  each  of  the 
eight  different  classes  of  trains  that  are 
daily  in  operation  over  some  of  the  divis- 
ions of  the  road. 

The  draw-bar  pull  of  the  locomotive, 
the  speed  of  the  train,  the  profile  of  the 
road,  and  the  alignment  of  the  track, 
are  all  included  in  each  dynamometer  car 
record,  so  that  it  is  pos- 
sible to  calculate  from 
these  records,  the  theo- 
retical horse-power  re- 
quired to  haul  the  train 
under  the  conditions  of 
each  case,  and,  after 
equating  for  grade  and 
curvature,  the  results 
can  be  checked  from  the 
curves  obtained.  These 
records  do  not  indicate 
the  power  required  to 
propel  the  locomotive,  or 
the  head-end  resistance 
offered  to  them  by  the 
air  ;  but  these  factors  are 
taken  into  account  when 
the  final  load  diagram  is 


determined.  Thus  the 
curves  obtained  illus- 
trate graphically  the 
power  required  by,  and 
delivered  by,  the  modern 
steam  engine,  and  show 
what  the  electric  loco- 
motive will  have  to  do 
in  order  to  compete  with 
it  successfully. 

There  are  other  fac- 
tors involved  in  the 
operation  of  trains  that 
are  of  exceeding  im- 
portance when  the  change  from  steam 
to  electricity  is  under  consideration.  One 
that  may  be  referred  to  is  "braking" — 
that  is,  the  stopping  of  a  train — which 
is  second  in  importance  only  to  its  accel- 
eration or  starting  power,  for  the  draw- 
bar pull  is  often  as  great  during  retarda- 
tion as  it  is  in  acceleration.  The  braking 
effort  of  a  train  on  its  locomotive  some- 
times reaches  as  high  as  11,000  pounds. 

Mr.  Arnold,  in  summing  up  the  weights 
of  all  steam  locomotives  now  in  service 
on  the  New  York  and  Mott  Haven  di- 
vision, found  that  these  could  be  sup- 
planted by  properly  constructed  electric 
locomotives  having  a  total  weight  of  65 
tons  each.  By  a  careful  analysis  of  the 
choice  of  systems,  reviews  of  plans,  cost 
of  installation,  operating  expenses,  and 
fixed  charges  per  annum,  besides  many 
lesser  details,  he  also  ascertained  the  rela- 
tive cost  of  steam  and  electrical  operation, 
which  is  presented  in  the  following  table: 


Exterior  of  Dynamometer  Car. 
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Relative  Cosi   of  I  Operation   bv. 
Electricity. 


Steam   and 


Steam    El'ty 


Operating  expenses  per  locomotive 
mile,  exclusive  of  fixed  charges, 
but  including  water,  labor,  cost  of 
cleaning  and  repairing  tumid, 
and  all  other  expenses  of  locomo-  Cents 
live  operation 23.05 

Fixed  charges  per  locomotive  mile, 
assuming  that  it  now  requires  4" 
1.  icom< ,iivcs  to  perform  the  pres- 
ent service,  and  that  33  electric 
locomotives  could  perform  the 
same  service  1-1^ 


Cents 
15.80 


7.83 


Total  (in  cents) 


24.18   23.63 


While  the  saving  to  be  effected  in  the 
operation  of  an  electrified  road  over  one 
using  steam  is  not,  according  to  the  above 
figures,  very  great,  it  must  be  remem- 
bered that  the  conclusions  reached  in  re- 
gard to  electric  traction  are  very  conserv- 
ative ;  and  when  the  service  begins,  it  will 
in  all  probability  mark  a  very  much  great- 
er economy  than  the  table  here  given  in- 
dicates. 

During  the  summer  of  1903,  Mr.  Wil- 
liam J.  WTilgus,  Fifth  Vice-President  of 
the  New  York  Central  Railroad,  wit- 
nessed a  number  of  tests  then  being  made 
by  the  General  Electric  Company  at 
Schenectady  with  a  new  type  of  electric 
locomotive  just  finished  for  heavy  freight 


traffic  through  the  Baltimore  tunnel  of 
the  Baltimore  &  Ohio  Railroad,  and  these 
showed  the  great  power  of  the  electric 
traction  system.  Comparative  tests  were 
then  made  by  Messrs.  B.  J.  Arnold  and 
W.  B.  Potter  on  the  experimental  track 
of  the  General  Electric-Company,  for  the 
purpose  of  determining  the  relative  val- 
ues of  braking  and  acceleration  between 
steam  and  electric  traction  on  short-haul 
suburban  passenger  service. 

Owing  to  the  short  curves  of  the  Gen- 
eral Electric  Company's  tracks,  the  steam 
tests  were  made  on  the  New  York  Cen- 
tral tracks  west  of  Schenectady.  In  both 
the  steam  and  electric  tests,  a  train  of  six 
cars,  made  up  of  five  standard  passenger 
coaches  and  the  dynamometer  car,  was 
run  over  a  mile  of  track,  acceleration  be- 
ing made  as  rapidly  as  possible  with  the 
power  available.  From  the  tables  then 
prepared,  it  was  clearly  demonstrated 
that  electric  motors  can  much  more  effi- 
ciently  utilize  the  weight  upon  their  driv- 
ers during  the  starting  period  than  can  a 
steam  locomotive.  In  consideration  of 
these  exhaustive  tests,  in  which  electricity 
was  shown  in  every  way  to  be  superior 
to  steam,  the  New  York  Central  decided 
to  electrifv  its  first  division,  and  placed 
a  contract  for  an  experimental  electric 
locomotive  to  be  built  by  the   General 
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Electric  Company.  Third-rail  track  con- 
struction and  power-house  installation 
were  also  begun,  the  total  expenditures, 
when  the  electrification  of  the  division 
was  completed,  to  be  approximately  Sio,- 
000,000. 

While  it  was  and  still  is  the  opinion  of 
nearly  all  electrical  engineers  that  the 
alternating-current  motor  will  in  a  short 
time  supersede  the  direct-current  motor 
for   long-distance    railroading,    Mr.    Ar- 


The  frame  of  the  locomotive,  which  is 
made  of  steel,  serves  as  a  portion  of  the 
magnets  for  the  fields  of  the  motors.  On 
this  frame,  motors  capable  of  developing 
3,000  horse-power  are  supported,  the  ar- 
matures, or  revolving  elements,  forming 
a  part  of  the  four  driving  axles  and  thus 
obviating  the  necessity  for  gearing,  which 
would  otherwise  be  required.  The  elec- 
tric locomotive  as  it  stands  on  the  track, 
weighs  ninety-five  tons. 


INTERIOR   OF  DYNAMOMETER  CAR. 


nold,  in  his  report,  recommended  that, 
inasmuch  as  the  alternating-current 
motor  could  not  start  under  load  as  effi- 
ciently, or  accelerate  a  train  as  rapidly, 
as  a  direct-current  motor,  and  inasmuch 
as  the  division  to  be  electrified  was  short, 
the  trains  many,  and  rapid  starting  es- 
sential, the  direct-current  system  should 
be  adopted. 

No.  6000 

TIence  the  trial  locomotive  recently 
completed  was  built  of  the  direct-current 
type.  Tests  of  the  new  monster  took 
place  between  Schenectady  and  Hoff- 
man's on  November  12,  1904,  where  the 
General  Electric's  experimental  track 
and  the  Xew  York  Central  tracks  paral- 
lel one  another  for  some  little  distance. 


The  long  experience  of  engineers  in  the 
design  of  high-speed  locomotives,  has 
been  incorporated  in  the  new  electric 
locomotive  ;  and  with  its  simplicity,  direct 
drive,  and  multiple-unit  control,  the  high- 
est efficiency  is  guaranteed. 

Another  feature  worth}'  of  notice  is  the 
absence  of  "pounding"  caused  by  the 
reciprocating  motion  in  a  steam  locomo- 
tive. This  insures  a  considerable  reduc- 
tion in  the  expense  of  maintaining  the 
track  and  roadbed  in  good  condition. 

One  move  element  of  excellence  is  the 
adoption  of  a  system  of  control  known 
as  the  "Sprague-General  Electric  multi- 
ple-unit system,"  this  term  implying  that 
two  or  more  of  the  locomotives  may  be 
coupled  together,  giving  double  the 
power  but  admitting  of  operation  by  a 
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single  motorman  just  as  though  they 
had  been  bunched  into  a  single  unit. 

The  New  York  Central  electric  loco- 
motive  No.  6000,  with  its  train,  is  shown 
herewith,  the  exciting  race  between  it 
and  the  Fast  mail,  the  "New  Yorker," 
being  vividly  depicted. 

When    the    "New    Yorker"    with    its 


more  notches,  produced,  to  the  ohserver 
in  the  cah  of  the  electric  locomotive,  the 
weird  effect  of  running  away  from  a 
train  making  sixty  miles  an  hour.  Soon 
the  "New  Yorker"  was  left  behind  sev- 
eral train-lengths,  the  gauge  showing 
that  a  speed  of  seventy  miles  an  hour  had 
been  easily  made. 


NO.  6000  DOING  SEVENTY  MILES  AN   HOUR. 


seven  coaches  came  speeding  by  at  the 
rate  of  a  mile  a  minute,  the  electric  loco- 
motive was  leisurely  drawing  a  train  of 
five  cars,  making  a  mile  every  two  min- 
utes ;   more  power  was  developed,  not  by 


Third-Rail  Shoe. 

stoking  a  furnace  with  coal,  but  by  mere- 
ly moving  the  lever  of  the  master  con- 
troller ;  and  before  another  mile-post  had 
been  reached,  the  two  trains  were  abreast. 
There  was  yet  plenty  of  power  in  re- 
serve ;  and  the  slipping  of  the  lever  a  few 


To  the  technical  experts  of  the  New 
York  Central,  the  tests  were  eminently 
satisfactory,  and  fifty  or  more  locomo- 
tives of  the  same  type  will  be  built  as  rap- 
idly as  possible.  While  it  was  intended  at 
first  to  equip  only  the  New  York  and 
Mott  Haven  division,  it  has  now  been 
decided  to  electrify  the  road  as  far  as 
Croton,  thirty-four  miles  out  on  the  main 
line,  and  to    White    Plains,    twenty-four 


Armature,  Axle,   and  Wheels  (assembled)  for  Heavy 
Electric  Locomotive. 


THE  U'oRT/f  OF  TOIL 


35 


miles  out  on  the  Harlem  division.  The 
change  from  steam  to  electricity  will 
probably  be  completely  effected  in  the  fall 
cf  1906. 

Electrification  Extending 

The  electrification  of  other  railroads 
this  year  will  include  the  Atlantic  and 
Rockaway  Beach  division  of  the  Long 
Island  Railroad,  between  Brooklyn  and 
Rockaway  Beach.  The  great  work  on 
the  tunnel  and  terminal  system  of  the 
Pennsylvania,  New  York  &  Lung  Island 
Railroad  is  rapidly  going  on  ;  but  the  task 
is  of  such  gigantic  proportions  that  it 
will  be  several  years  before  the  electric 
passenger  service  will  be  in  operation. 
The  New  York,  New  Haven  &  Hartford 
Railroad  will  also    substitute    electricity 


for  steam  to  facilitate  the  movement  of 
its  suburban  passenger  traffic. 

It  has  been  shown  by  Air.  Ralph 
Mershon  that  the  transmission  of  elec- 
trical energy  to  a  distance  of  at  least  500 
miles  is  perfectly  feasible;  and,  with  the 
great  hydro-electric  plants  now  building 
at  Niagara  Falls,  from  which,  when  fin- 
ished, a  million  electrical  horse-power 
will  be  available,  it  would  not  be  strange 
if  a  suitable  system  of  electrical  propul- 
sion for  the  complete  operation  of  those 
roads  now  connecting  Xew  York  City 
with  Buffalo  should  at  no  distant  date 
be  forthcoming.  The  relatively  cheap 
power  thus  obtainable  is  assuredly  capa- 
ble of  fulfilling  the  conditions  imposed 
by  the  conversion  of  steam-operated  into 
electrically  operated  railroad  systems. 


The  Worth  of  Toil 


'  I  '1 1  E  noblest  men  1  know  on  earth, 
*•      Arc  men  whose  hands  are  brown  with  toil: 
Who,  locked  by  no  ancestral  graves, 

I  lew  down  the  woods  and  till  the  soil, 
And   win   thereby  a  prouder  fame 
Than   follows  King's  or  warrior's  name. 

The  workingmen,  whate'er  their  task- 
To  carve  the  stone  or  hear  the  hod — 

They  wear  upon  their  honest  brows 
The  royal  stamp  and  seal  of  God! 

And  brighter  are  their  drops  of  sweat 

Than   diamonds  in  a  coronet! 

God  bless  the  noble  workingmen, 

Who  rear  the  cities  of  the  plain. 
Who  dig  the  mines  and  build  the  ships. 

And  drive  the  commerce  of  the  main. 
God  bless  them!   for  their  swarthy  hands 
Have  wrought  the  glory  of  our  lands. 


JAPANESE  VILLAGE  WRECKED  BY  EARTHQUAKE. 
Over  one  thousand  earthquakes  traverse  the  Island  Empire  annually. 
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Our  Earthquake  Survey 

How  the  Mysterious  Convulsions  of  the  Earth's  Crust  are  Detected  and 

Measured — A  Hitherto  but  Little  Explored  Field 

of  Applied  Science 


By  JOHN  ELFRETH  WATKINS 


AX  earthquake  survey  of  the 
United  States  and  its  posses- 
sions is  one  of  the  most  recent 
enterprises  of  science. 
Seismologists — the  students  of  these 
phenomena — are  learning  that  Mother 
Earth  is  a  much  more  tremulous 
creature  than  Ave  have  previously  had 
reason  to  suppose.  In  fact  it  would  al- 
most appear  that  she  is  growing  palsied 
as  the  chill  of  old  age  creeps  over  her. 

If  it  is  not  straining  imagination  too 
much,  it  may  he  said  that  these  seismolo- 
gists are  setting  earthquake  traps  in  vari- 
ous nooks  and  corners  of  our  vast  do- 
main. These  are  among  the  most  sensi- 
tive products  of  the  instrument  maker's 
fine  art.  They  have  a  much  more  acute 
sense  of  touch  than  has  been  given  to 
man.  In  fact,  they  would  almost  seem 
to  have  been  endowed  with  brains,  for 
they  automatically  write  with  pen  and  ink 

(36) 


all  that  they  observe,  and  their  records 
are  kept  with  a  superhuman  exactitude. 

Seismographs  Installed 

The  Government  recently  purchased  in 
Germany  six  sets  of  the  most  improved 
apparatus  of  this  category.  These,  known 
as  "seismographs"  or  "seismoscopes," 
have  been  installed  at  Washington,  D.  C. ; 
Cheltenham,  Md. ;  Baldwin,  Kan.;  Vie- 
ques Island,  Porto  Rico ;  Honolulu,  Ha- 
waii ;    and  Sitka,  Alaska. 

The  Washington  instruments  are  in- 
stalled in  a  subterranean  vault  beneath 
the  "Weather  Bureau,  where  they  are  in 
charge  of  C.  F.  Marvin,  Professor  of 
Meteorology  in  that  institution.  The 
other  five  sets  have  just  been  put  in  place 
in  the  new  federal  magnetic  observa- 
tories at  the  other  points  named.  Thev 
are  being  operated  under  the  general  di- 
rection of  Dr.  L.  A.  Bauer.  Chief  of  the 
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Division  of  Terrestrial  Magnetism, 
United  States  Coast  and  Geodetic  Sur- 
vey. Added  to  this  chain  of  stations,  are 
others  at  Manila,  Philadelphia,  and  Bal- 
timore. The  first-named  is  in  charge  of 
Father  Algue,  a   Jesuit  scientist  of  the 


clearing-  house,  so  to  speak,  for  all  of  the 
American  earthquake  data  :  and,  as  soon 
as  the  co-operating  stations  shall  have 
completed  a  sufficient  continuous  period 
of  observation,  he  will  issue  statistics 
which  no  doubt  will  surprise  us  all. 


THE  GREAT  EARTHQUAKE  AT  CHARLESTON,  SOUTH  CAROLINA.  AUGUST  31.  1886. 
Street  scene  just  after  the  severest  shock. 


Manila  Observatory.  The  Quaker  City's 
station  is  at  Swarthmore  College ;  and 
that  of  Baltimore,  at  Johns  Hopkins 
University,  where  it  is  under  the  direc- 
tion of  Prof.  H.  F.  Reid,  the  most  emi- 
nent of  American  seismologists.  Pro- 
fessor Reid's   station  is   serving  as  the 


Foreign  stations,  also,  are  co-operating 
in  this  work,  particularly  those  at  To- 
ronto, Ont..  and   Victoria,   I!.  C,  under 

the  meteorological  establishment  of 
Canada  :  and  others  at  Mexico  City  ;  Cor- 
doba, Argentina;  and  Arequipa,  Peru. 
In  fact,  arrangements  are  being  effected, 
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looking  to  the  perfection  of  an  earth- 
quake survey  of  the  world  under  the  aus- 
pices of  the  International  Seismological 
Association.  This  society  has  been  or- 
ganized  for  this  special  purpose  under 
the  leadership  of  Professor  Gerland,  Di- 
rector of  the  Seismological  Observatory 
at  Strassburg,  Germany.    Japan  will  fall 


New  Type  of  Seismograph  Adopted  for  Government  Stations 


into  line  with  nearly  1,000  stations  ;  Italy, 
with  15:  England,  with  3;  Scotland,  2; 
India,  4 ;  Canada,  2  ;  Australia,  3  ;  Russia, 
3 ;  and  Spain,  2 ;  also  South  Africa, 
Egypt,  Ceylon,  Java,  Mauritius,  New 
Zealand,  Syria,  Trinidad,  Mexico,  Peru, 
Argentina,  and  Germany,  each  1.  Thus 
Old  Earth  will  have  left  but  few  surface 
areas  where  she  may  twitch  undetected. 
But,  as  to  our  own  earthquake  survey : 
— The  six  seismoscopes  which  we  have 
installed  are  regarded  as  the  most  per- 
fect of  their  class.  The  pattern  is  a 
modification  of  the  recent  invention  of 
Professor  Omori,  secretary  of  the  earth- 
quake investigation  committee  of  Japan. 
Japan  is  the  great  earthquake  country, 
and  has  gone  so  far  as  to  institute  a 
chair  in  seismology  at  the  University  of 
Tokio. 

How  the  Records  are  Made 

This  new  type  of  seismograph  con- 
sists of  a  heavy  weight,  so  suspended  in 
front  of  a  tall  iron  pedestal  as  to  be 
always  in  neutral  equilibrium  and  unaf- 
fected by  any  influence  other  than  grav- 
ity.    "While  the  earth    is    quaking    and 


trembling  directly  below  it,  it  is  standing 
still  for  the  moment.  It  is  spanned  by 
an  iron  arch,  whose  base  is  a  stone  pier, 
penetrating  the  earth.  All  earth  move- 
ments are  directly  communicated  to  the 
arch.  Hence,  when  even  the  slightest 
tremor  takes  place,  the  arch  moves 
therewith,  but  the  weight  below  remains 
quiescent,  as  already 
said. 

Attached  to  the  sta- 
tionary weight  by  a  jew- 
eled pivot,  is  a  long, 
slender  arm  of  alumi- 
num, with  a  writing  pen 
at  its  outer  end.  Upon 
the  same  foundation 
with  the  arch,  and  shar- 
ing all  earth  movements 
therewith,  is  a  revolving 
wheel  whose  broad  tire 
is  a  sheet  of  paper, 
against  which  the  writ- 
ing pen  rests.  The  prin- 
ciple of  the  instrument, 
in  a  nutshell,  is  that  each 
earthquake  moves  the 
paper  against  the  pen, 
and  records  its  tremors  in  zig-zags  or 
curves.  But,  by  a  delicate  adjustment, 
the  aluminum  arm  exaggerates  the  earth- 
quake tremor  to  a  measurable  degree. 

The  wheel,  with  its  paper  tire,  makes 
one  revolution  every  hour.  The  record- 
ing pen  commences  its  record  on  one 
edge,  and,  by  aid  of  a  thread  on  the 
wheel's  axle,  is  made  to  trace  gradually 
a  perfect  spiral  over  the  endless  band 
of  paper,  unless  an  earthquake  inter- 
rupts. Thus  the  normal  lines  of  the  pen 
do  not  overlap.  By  means  of  an  electro- 
magnet attached  to  a  specially  made 
clock,  a  current  is  communicated  every 
minute  to  another  pen  point,  following 
the  first  and  resting  upon  the  same  paper. 
The  latter  gives  a  hitch  each  time  it 
receives  an  electric  impulse,  and  thus 
checks  off  minutes  along  the  spiral  line 
traced  by  the  first  pen,  which  is  "keep- 
ing tab"  on  Mother  Earth's  antics.  A 
new  paper  is  placed  on  the  wheel  at  the 
same  minute  each  day.  It  being  known 
precisely  when  a  new  record  is  set,  the 
exact  time  of  a  zig-zag  earthquake  line 
can  be  determined  by  counting  the  min- 
ute marks  on  the  paper ;  and  the  exact 
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second  of  an  earth  tremor's  beginning 
can  be  learned  by  applying  a  delicate 
scale  dividing  by  sixty  the  space  between 
two  minute  marks. 

A  pair  of  these  instruments  is  neces- 
sary  at  each  station.  One.  always  pointed 
north  and  south,  records  earthquake  vi- 
brations moving  east  and  west ;  the  other, 
directed  east  and  west,  detects  north  and 
south  movements.  Each  tremor  makes 
its  record  on  both  instruments  simul- 
taneously. The  zig-zag  lines  will  be  seen 
to  differ  materially  when  the  paper  strips 
are  taken  from  the  wheels  and  carefully 
compared  with  a  scale.  The  exact  direc- 
tion  of  the  earthquake  wave,  as  well  as 
its  horizontal  width,  is  thus  measured  to 
a  nicety. 

Delicacy  of  the  Work 

Onlv  one  out  of  several  hundred  or 
perhaps  several  thousand  earthquakes 
recorded  by  these  instru- 
ments, is  perceptible  to 
the  public  or  reported  by 
the  newspapers.  Typical 
of  these  earthquakes 
noticed  month  after 
month,  was  one  caught 
by  the  Weather  Bureau  s 
seismograph  just  after- 
its  installation.  On  look- 
ing over  the  record 
sheets  at  the  time  of  the 
daily  change.  Professor 
Marvin  discovered  a 
zig-zag  perfectly  in- 
scribed and  showing  all 
the  recognized  charac- 
teristics of  earthquake 
phenomena.  The  curve  showed  that  there 
were  preliminary  tremors  commencing  at 
9:29  a.  m.  and  lasting  five  minutes.  The 
main  tremors  then  succeeded  for  2  min- 
utes 36  seconds.  Terminal  tremors  lasted 
for  26  minutes  24  seconds.  The  total  dis- 
turbance lasted  34  minutes.  At  the  height 
of  its  activity,  the  earth  beneath  the  in- 
strument moved  only  a  trifle  more  than 
a  hundredth  of  an  inch,  from  side  to 
side.  Small  wonder,  then,  that  the  pub- 
lic was  unaware  of  the  shock. 

But  this  t'ny  earthquake,  undiscovered 
bv  press  of  public,  traveled  across  the 
continent  and  was   felt    on    the    Pacific 


out  announcing  the  fact  that  his  instru- 
ments had  recorded  the  shock,  Prof 
Marvin  riled  their  records  away  and  cor- 
responded with  other  stations.  I  le  found 
that  those  of  Baltimore,  Victoria,  and 
Toronto  had  recorded  the  shock  at  about 
the  same  time.  By  careful  computation, 
he  discovered  that  its  first  strong  waves 
traveled  from  Victoria  across  the  con- 
tinent to  Toronto  in  a  fraction  over 
eighteen  minutes,  and  from  Toronto  to 
Washington  in  one  and  one-half  minutes. 
The  stronger  waves  traveled  at  the  rate 
of  nearly  two  miles  per  second. 

That  earthquakes  will  some  day  be 
systematically  forecast,  is  a  prophecy 
which  may  sound  visionary,  but  one 
which  has  some  scientific  founda- 
tion. The  Japanese  seismologists  now 
believe  that  they  find  indications  of  earth- 
quakes' approaches  upon  the  records  of 
their  magnetic  instruments,  preceding  di- 


slope  by  a  similar  seismograph.     With- 


"Craterlet"  Caused  bv  Charleston  Earthquake. 

rectly  the  effects  shown  by  their  seismo- 
graphs. In  other  words,  they  have  found 
what  appear  to  he  magnetic  warning 
earthquakes.  If  their  theory  can  be  dem- 
onstrated, our  Weather  Bureau  will 
doubtless  profit  by  it ;  and  we  may  ex- 
pect, perchance,  to  see  earthquake  warn- 
ings displayed  from  mastheads  above 
our  public  buildings,  or  to  read  at  the 
top  of  the  morning  paper  that  Mother 
Earth  will  indulge  in  a  shake-up  at  such 
or  such  an  hour  of  the  day.  Pastors  may 
then  have  time  to  gather  in  their  flocks 
for  public  prayer,  or  urban  residents  may 
betake  themselves  to  the  open  country, 
before  the  crash  comes. 
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Frequency  of  Earthquakes 
Tn  [904,  at  Baltimore,  fifteen  earth- 
quakes  were  recorded  by  Professor  Reid 
between  April  1  and  October  21.  In 
Porto  Rico,  seventeen  were  observed  by 
the   national    instruments   between   April 


siderably  greater  both  in  Hawaii  and  in 
Porto  Rico.  The  national  instruments 
have  not  been  installed  a  sufficient  time 
for  any  statistics  to  have  been  gathered 
elsewhere. 

Earthquakes  and  magnetic  storms  are 


fissu: 


CHARLESTON  EARTHQUAKE. 


I  and  July  1  ;  in  Honolulu,  thirteen  were 
counted  within  this  latter  period.  Ac- 
cording to  these  figures — upon  the  basis 
of  which  it  is  hardly  fair  to  generalize, 
however — an  earthquake  shakes  our 
Eastern  States  on  an  average  once  every 
two  weeks,  while  the  frequency  is  con- 


found to  be  related,  and  it  is  partly  for 
this  reason  that  the  Government's  new 
magnetic  observatories  are  being  equip- 
ped with  seismographs. 

The  primary  object  of  the  national 
earthquake  survey  will  be  the  determina- 
tion of  the  velocitv  with  which  shocks 
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and  vibrations  are  propagated  over  the 

surface  of  the  earth  and  through  its  in- 
terior; to  locate  positions  of  earthquake 
origins  under  the  oceans:  and,  generally, 
to  increase  our  knowledge  of  the  physi- 
cal nature  of  the  earth's  crust  and  its 
interior. 

The  average  velocity  of  earthquakes, 
as  thus  far  estimated,  is  about  i  '  \  miles 
per  second  for  the  hrst  tremors,  and 
about  I  mile  per  second  for  the  main 
shock.  After  a  few  hundred  miles,  tin- 
velocity  of  the  first  tremors  increases,  and 


quakes  are  more  frequent  in  winter  than 
in  summer.  This  i>  believed  to  be  due 
to  the  fact  that  in  the  cold  season  the 
greater  weight  of  snow  and  the  greater 
pressure  of  the  atmosphere  imposes  a 
heavier  strain  upon  the  earth's  crust. 

How  Earthquakes  Operate 

In  many  instances,  shocks  so  faint  that 
the)  cannot  be  perceived  by  our  senses 
when  we  are  upon  or  mar  the  ground, 
are  distinctly  felt  upon  the  top  floors  of 
tall  buildings.     Severe  shocks  are  accom- 


ONE  OF  THE  VARIED  PHASES  OF  EARTHQUAKE  EFFECTS. 
Here  an  area  was  depressed  25  feet  below  its  former  level,  leavine  a  terrace  ~>  feet  high.  — View  taken  in  Japan. 


over  long  distances  has  been  estimated 
to  be  greater  than  that  of  the  waves  of 
compression  through  steel  or  glass.  The 
fact  that  the  vibrations  of  the  first  trem- 
ors appear  to  travel  faster  than  those  of 
the  main  shock,  indicates  that  the  former 
pass  directly  through  the  earth,  while  the 
latter  follow  the  longer  course  around 
its  crust. 

Mother  Earth  appears  to  quake,  at 
some  point  or  other,  on  an  average, 
once  every  half  hour.  In  Japan,  more 
than  a  thousand  earthquakes  per  year  are 
regularly  recorded.  Great  Britain's  do- 
minions are  crossed  by  tremors  about  ioo 
times  a  year.  For  our  own  country,  we 
have  no  complete  figures  as  yet. 

In  both  hemispheres,  according  to  such 
statistics    as    are    now    available,  earth- 


panied  usually  with  sounds  comparable  to 
those  of  near  or  distant  explosions. 
Other  effects  of  great  earthquakes  are 
fissures  and  faults  in  the  earth's  surface; 
the  raising  or  lowering  of  areas  of 
ground  ;  the  dr\  ing  of  springs  ;  landslides, 
land  waves,  and  tidal  waves.  The  fis- 
sures in  the  earth's  surface  may  open 
widely,  and  immediately  close,  or  they 
may  remain  open  with  a  width  of  several 
feet.  Some  have  had  such  immeasurable 
depth  that  water  from  streams  has  flowed 
into  them  for  days  without  filling  them, 
while  others  have  belched  up  gases, 
water,  or  mud,  appearing  as  if  from  the 
crater  of  some  slight  volcano.  Some- 
times large  areas  of  land  are  depri 
forming  the  basins  of  new  lakes;  and  in 
frequent  instances  a  large  area  of  land 
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HOW  AN  EARTHQUAKE  MAY  AFFECT  STRAIGHT  RAILWAY  TRACK. 
View  taken  in  Japan. 


has  fallen  to  a  lower  level,  leaving  a  defi- 
nite wall  or  terrace  between  it  and  the 
soil  not  so  affected.  These  severe  shocks 
sometimes  precipitate  boulders  down 
mountain  slopes,  or  cause  landslides  or 
avalanches  that  bury  settlements  of  peo- 
ple or  throw  dams  across  streams,  creat- 
ing lakes  where  none  before  existed. 

Subterranean  earthquakes  are  ob- 
served to  give  rise  to  surface  waves  sim- 
ilar in  formation  to  those  caused  by  drop- 
ping a  pebble  into  a  brook, but  much  more 
enormous  in  height,  and  often  attaining 
the  fatal  form  of  a  tidal  wave  washing 
inland  and  drowning  hundreds  of  people. 
Luminous  appearances  have  been  re- 
ported as  accompanying  earthquakes  oc- 
curring at  night ;  and  it  is  thought  by 
some  that  these  phenomena  are  due  to 
the  friction  of  moving  masses  of  rock. 
According  to  this  theory,  temporary  elec- 
tric currents  are,  as  a  result  of  such  fric- 
tion, established  in  the  line  of  the  earth- 
quake. At  or  near  the  starting  point  of 
great  earthquakes,  there  is  sometimes 
evidence  of  the  bodily  displacement  of 
many  cubic  miles  of  material.  When 
this  matter  is  of  volcanic  origin,  it  is, 
according  to  one  authority,  almost  invar- 
iably magnetic,  and  its  readjustment  pro- 
duces magnetic  storms. 

Historic  American  Earthquakes 

Our  most  notable  earthquakes  have 
been  those  occu-rring  in  New  England,  in 


1638 ;  Xew  England  and  Xew  York, 
1663;  Xew  England.  1727 ;  Xew  Eng- 
land and  the  Xortn  Atlantic  States,  1755  ; 
the  Mississippi  delta,  1811-12:  Inyo  Val- 
ley, California,  1872 ;  and  Charleston,  S. 
C,  1886. 

The  earliest  of  these — on  June  1,  1638 
—  occurred  between  3  and  4  p.  m. 
The  weather  was  clear  and  warm,  and 
the  wind  westerly.  All  of  New  Eng- 
land, it  is  recorded,  was  violently  shaken 
by  a  convulsion  accompanied  with  a  noise 
as  of  continued  thunder.  The  main 
shock  lasted  about  four  minutes,  during 
which  the  earth  shook  with  such  violence 
that  in  some  places  people  could  stand 
only  with  difficulty,  while  many  movable 
articles  in  houses  were  thrown  down. 
The  earth  is  reported  to  have  been  un- 
quiet for  twenty  days  following  this 
shock. 

The  earthquake  of  1663  occurred  on 
January  26,  and  was  felt  in  Canada, 
throughout  New  England,  and  in  New 
York.  In  Canada,  says  a  contemporan- 
eous writer,  "Doors  opened  and  shut  of 
themselves  with  a  fearful  clattering. 
Bells  rang  without  being  touched.  Walls 
were  split  asunder.  Floors  separated 
and  fell  down.  The  fields  put  on  the  ap- 
pearance of  precipices,  and  the  mountains 
seemed  to  be  moving  out  of  their  places." 
It  is  recorded  that  during  this  convulsion 
of  nature,  small  rivers  were  dried  up ; 
some  mountains    appeared    to   be    much 
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broken  and  moved  ;  while  half  way  be- 
tween Quebec  and  Tadousac,  at  the 
mouth  of  the  Saguena)  .  two  mountains 
wn\-  shaken  down,   forming  a  point  of 

land  which  extended  some  distance  into 
the  St.  Lawrence  River. 

The  upheaval  of  1727  was  felt  at  10:40 
A.  m.j  October  29.  The  main  shock 
lasted  about  two  minutes  :  and  its  course 
seemed  to  be  from  the  Delaware  River 
to  the  Kennel  ec,  a  distance  of  about  700 
miles.  Pewter  and  china  were  casl  from 
their  shelves.  Stone  walls  and  chimney 
tops  were  shaken  down.  In  some  places 
doors  were  burst  open  and  people  could 
hardly  keep  their  feet.  On  the  same 
day,  the  West  Indian  island  of  Martin- 
ique— where  in  [902  occurred  the  terrible 
eruption  of  Mom  Pelee — was  threatened 
with  total  destruction  by  an  earthquake 
lasting  eleven  hours.  And  in  this  con- 
nection it  is  an  interesting  fact,  that  dur- 
ing' the  recent  disastrous  outburst  of 
Mont  Pelee,  no  earthquake  shocks  were 
recorded  by  the  crude  seismograph  then 
mounted  in  the  Weather  Bureau  at 
Washington,  although  severe  magnetic 
storms  were  observed  with  the  instru- 
ments of  the  Coast  and  Geodetic  Survey. 

The  earthquake  of  1755  was  felt  from 
Chesapeake  Bay  to  the  coast  of  Nova 
Scotia — or  for  about  800  miles.  The 
shock  occurred  on  November  18,  and  in 


the  interior  of  the  country  it  seemed  to 
have  extended  over  a  thousand  miles 
from  northwest  to  southeast.  In  Boston, 
Mass.,  a  hundred  chimneys  were  toppled 
over  and  leveled  with  the  roofs  of  the 
houses,  while  1.500  others  were  more  or 
less  shattered.  The  ends  of  several  brick 
buildings  were  thrown  down,  and  the 
vane  on  the  public  market  was  hurled  to 
the  earth.  At  New  I  Iaven.  (  bnn.,  it  was 
reported,  "the  ground  moved  like  waves 
of  the  sea  ;  the  houses  shook  and  cracked  ; 
and  many  chimneys  were  thrown  down." 
This  shock  occurred  at  4:00  A.  m.,  and 
lasted  four  and  a-half  minutes.  At  the 
same  time  there  was  a  great  tidal  wave 
in  the  West  Bidies. 

The  Mississippi  delta  earthquake  of 
181 1-12,  known  also  as  the  "New  Madrid 
earthquake."  was  characterized  by  se- 
vere shocks  occurring  at  short  intervals 
during  a  period  of  several  months.  In- 
deed the  entire  series  of  shocks  covered 
a  period  of  about  two  years.  There  were 
few  settlers  in  the  country  at  that  earlv 
day,  and  little  is  known  as  to  the' distance 
at  which  the  shocks  were  perceptible.  The 
land  was  plainly  seen  to  rock  with  a 
wave-like  motion,  which  was  communi- 
cated to  the  forest  trees,  some  of  which 
were  uprooted  while  others  were  perma- 
nently entangled  with  one  another.  From 
the  fissures  opened  into  the  earth,  mud 
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spurted  up  into  the  branches  of  trees,  and 
the  deep  openings  into  the  ground 
pawned  and  closed  with  each  successive 
shock.  Lakes  which  had  sparkled  in  the 
sunlight  of  centuries  went  out  of  exist- 
ence, their  waters  being  drained  into 
these  fissures.  New  lakes  were  created 
by  the  falling  of  the  land,  which  was  thus 
shaped  into  basins  receiving  the  How  oi 
brooks  and  creeks.     One  great  area  60 


tenth  of  the  inhabitants  lost  their  lives. 
Twenty-seven  people  were  killed  out- 
right by  the  great  earthquake  at  Charles- 
ton, South  Carolina,  August  31,  1886. 
Other  victims  died  afterward  from  in- 
juries received  during  the  catastrophe.  A 
large  number  of  houses  were  thrown 
down,  and  nearly  all  buildings  in  the  city 
were  more  or  less  injured.  The  damage 
to  property  was  computed  in  millions  of 


DEVASTATION  WROUGHT  BY  A  JAPANESE  EARTHQUAKE. 
"Japan  is  tJie  great  earthquake  country." 


to  80  miles  long  and  half  as  broad,  sank 
from  its  former  altitude. 

The  Inyo  Valley  earthquake  of  1872 
continued  for  two  or  three  months.  The 
chief  shock  lasted  but  a  few  minutes,  and 
those  which  followed  at  intervals  were 
far  inferior  in  violence.  Along  the  base 
of  the  mountain  range,  was  created  a 
fissure  forty  miles  long,  and  the  land  to 
the  east  of  it  fell  several  feet.  In  one 
place  the  earth  dropped  twenty-five  feet. 
The  ground  also  twisted  in  a  horizontal 
direction.  The  fence  on  one  piece  of 
property  was  found  to  be  fourteen  feet 
out  of  alignment.  A  river  was  tempo- 
rarily swallowed,  and  a  number  of  springs 
permanently  dried  up.  Every  house  in 
Inyo   village   tumbled   down,    and    one- 


dollars.  The  principal  shock  occupied 
about  one  minute,  others  following  with 
diminishing  violence.  Destructive  trem- 
ors occurred  for  four  weeks,  and  others 
were  felt  for  several  months  longer.  Nu- 
merous fissures  yawned  in  the  surround- 
ing country,  sending  forth  water  and 
mud  and  flooding  the  channels  of 
streams.  Railway  tracks  were  dislocated 
and  buckled. 

Had  adequate  seismographs  been  in 
place  during  any  of  these  great  earth- 
quakes, science  would  have  added  greatly 
to  its  meager  fund  of  knowledge  con- 
cerning the  cause  of  such  convulsions. 
The  next  great  shock  will  be  followed 
about  the  earth,  and,  it  is  devoutly  hoped, 
will  be  traced  to  its  subterranean  source. 


The  Vertical   Milling   Machine 

An  Indispensable  Part  of  Machine-Shop  Equipment  Adaptable  to  a  Very 

Wide  Range  of  Work 


By    HORACE    E.    SWIFT 


AMONG  the  many  new  machines 
that  have  been  built  and  put  on 
the  market  within  the  last  decade 
and  a-half,  we  doubt  if  any  has 
become  more  indispensable  to  the  manu- 
facturer of  machinery  of  every  descrip- 
tion than  the  Vertical  Milling-  Machine. 
Its  advantages  over  even  the  latest  de- 
signs of  the  horizontal  type  are  now  uni- 
versally recognized  for  many  classes  of 
manufactured  work.  For  finishing  sur- 
faces— usually  done  on  the  planer  or 
shaper  or  in  the  lathe — the  vertical  mill- 
ing machine  fills  a  place  in  general  manu- 
facturing plants  with  absolute  success. 
For  circular  or  straight  work,  for  finish- 
ing surfaces  both  horizontal  and  vertical 
that  are  either  difficult  or  impossible  to 
get  at  with  lathe  or  planer,  the  vertical 
machine  has  no  equal.  It  is  impossible 
to  exaggerate  its  utility  as  an  economizer 
of  labor  and  as  a  producer  of  work  im- 
possible to  perform  with  other  tools. 


A 
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Fig.  1.    Modern  Vertical  Milling  Machink. 

In  Fig.  2  is  shown  a  twelve-inch  in- 
serted-tooth  face  mill  roughing  off  a 
plane  surface,  and  this  also  shows  the 
correct  practice  in  using  cutters  of  this 


kind  on  a  vertical  machine.  The  cutter 
is  litted  to  the  nose  of  the  spindle,  which 
secures  great  rigidity.  Its  economy  over 
a  planer  in  this  class  of  work  is  from 
three  (  and  even  more  )  to  one  ;  and  if  the 
parts  have  to  be  scraped  to  a  fit  or  a  fin- 
ish, the  labor  is  reduced  in  like  propor- 
tion. 

(  hi  the  other  hand,  if  it  is  necessary  to 
cut  into  the  recess  in  the  center  of  the 
easting,  a  cutter  similar  to  that  shown  in 


Fig. 


Facing  a  Plane  Surface  with  Inskrted- 
Tooth  Tool. 


Fig.  3  could  he  used.  This  style  of  tool 
on  a  vertical  milling  machine  is  what 
might  be  called  a  "universal  cutter,"  or 
"end-and-side"  mill;  and  Fig.  3  shows 
how  it  is  used  on  what  would  lie  an  awk- 
ward job  to  do  on  the  planer.  It  matters 
not  whether  the  end  of  the  table  to  be 
milled  is  one  or  six  inches  thick  ;  at  the 
li  twest  estimate  the  planer  is  the  loser, 
three  to  one.  If.  for  instance,  the  piece 
is  comparatively  short,  and  requires  fin- 
ishing on  both  ends,  no  change  of  tools 
is     necessary,    the    table    being    simply 
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Fig.  3.    Universal  Cutter  for  End-and-Side 

Milling. 

moved  along  until  the  other  end  of  the 
piece  is  in  position  to  be  nulled  to  its 
proper  dimensions. 

The  advantage  on  small  pieces,  as 
shi  iwn  in  Fig.  4.  is  manifest ;  and  the 
same  style  of  cutter,  if  used  as  a  com- 
bined end-and-side  mill,  will  do  more  in 
one  hour  than  could  be  accomplished  by 
a  shaper  in  six  hours.  This  class  of 
work  as  a  rule  uses  up  much  time  on  ma- 
chines that  could  be  employed  to  better 
economy  on  other  and  larger  work  ;  while 
the  fact  that  the  same  tool  can  be  used 
for  working  on  either  side  or  the  surface 
without  change,  '  recommends  vertical 
milling  to  the  up-to-date  manufacturer. 


Milling  or  planing  spots  that  come  at 
irregular  intervals  or  at  right  angles  with 
each  other,  has  never  been  a  practical  op- 
eration in  the  general  run  of  work  found 
in  machine  shops.  The  work  is  usually 
done  by  hand,  or,  when  required  to  be 
of  a  better  finish,  is  counter-bored.  Take 
for  instance  a  bracket,  as  shown  in  Fig. 
5,  with  spots  to  be  finished  on  both  ends, 
on  the  inside,  at  different  levels  and  at 
right  angles  with  each  other — a  difficult 
subject  to  handle  by  any  method  other 
than  the  use  of  a  vertical  milling  ma- 
chine. This  class  of  work  can  be  ,done 
at  an  economy  of  four  to  one  over  any 
other  method,  with  a  saving  of  time  on 
all  subsequent  operations  ;  and  it  also  in- 
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Fig.  4.     Small  Parts  Rapidly  Finished  in  Vertical 
Milling  Machine. 


Fig,  5.     Facing  Spots  at  Irregular  Intervals  and 
at  Right  Angles. 


sures  all  surfaces  being  parallel  or  square 
with  each  other,  without  changing  the 
setting  of  the  work. 

Economy  Ten  to  One 

On  the  piece  shown  in  Fig.  6,  the  same 
style  of  cutter  could  be  used  for  finishing 
spots  on  the  inside  surface  of  a  casting, 
or  for  finishing  the  top  edge  of  the  cast- 
ing, or  the  top  and  sides  of  the  plate,  by 
which  it  is  fastened  to  the  machine.  In 
the  hands  of  a  skillful  workman,  even 
the  outside  irregular  surface  could  be 
easily  finished  with  an  economy  over  any 
other  method,  of  ten  to  one. 

The  universal  use  of  the  end-and-side 
mill  in  the  vertical  milling  machine  is 
strikingly  shown  in  Fig.  7,  where  one  is 
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used  in  finishing  a  horizontal  plane  sur- 
face and  the  vertical  segment  of  an  arc. 
at  one  operation  and  in  one-tenth  of  the 
time  required  in  a  lathe. 

An  end-and-side  mill  should  as  a  rule 
be  made  with  special  flutes;  and.  if  over 
one  and  one-half  inches  in  diameter,  it 
would  he  of  advantage  to  have  the  teeth 
nicked;  to  break  up  the  chips. 

Two  examples  of  angular  milling  are 
shown  in  Figs.  8  and  9;  and  in  each  case 


Fig.  6.     Finishing  Inside  Edge  of  Casting. 

it  may  he  noticed  that  there  are  vertical 
surfaces  to  be  milled,  and  also  horizontal 
edges  to  be  finished.  These  are  taken 
care  of,  first,  by  the  use  of  the  end-and- 
side  mill  shown  standing  on  the  table  in 
Fig.  9;  and  then  the  angular  or  dovetail 
mill  is  substituted,  and  the  under-cut  is 
made.     One  can   readily   see  that  there 


Fig.  8.    An  Example  of  Angular  Milling. 

is  no  end  to  the  work  of  this  kind  that 
can  be  done — slotting  in  places  absolutely 
inaccessible  to  ordinary  methods  ;  under- 
cutting and  bevel  or  dovetail  work  in 
straight  line  or  circle;  and  inside  profile 
work,  either  freehand  or  by  the  use  of 
profile  pattern  gauges.  Some  of  this 
work  can  be  done  by  no  other  method 
on  a  machine,  and,  until  the  advent  of 
the  vertical  milling  machine,  was  done 
by  hand.     The  saving  in   time  on  such 


Fig.  7.     Finishing  Horizontal  Plane  and  Vertical 
Curve  at  One  Operation. 


Vertical,  Horizontal,  and   Angular    Milling 
with  Two  Tools. 


work  will  cover  the  expense  of  the  ma- 
chine in  a  comparatively  short  time,  let 
alone  the  accuracy  and  amount  of  the 
work  performed. 
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Fig.  10.    Circular  Bevel  Milling. 


Circular  Milling 

Fig.  10  shows  an  example  of  outside 
and  inside  bevel  circular  milling :  and 
the  piece  lying  on  the  platen  shows  also 
a  circular  recess  done  by  the  end-and- 


Fig.  11.     Ball  Cutter  Used  with  Rotary  Table. 

side  mill.  In  fact,  all  the  finish  on  this 
piece — top,  bottom,  inside,  and  outside 
— has  been  done  by  the  use  of  the  bevel 
and  the  end-and-side  mill,  on  a  power- 
driven  rotary  table,  at  a  saving  over  tne 
method  of  turning  on  a  lathe,  of  four- 
fifths  of  the  cost. 


The  T-slots  in  the  rotary  table  are  done 
with  a  T-slot  cutter.  The  ball  cutter 
used  in  connection  with  the  rotary  table 
is  shown  in  Fig.  1 1  ;  and  it  can  be  readily 
seen  how  the  handle,  which  is  connected 
with  the  vertical  feed  of  the  head, 
is  finished  b)  the  use  of  a  con- 
cave mill.  By  using  a  universal  dividing 
head,  all  the  usual  work  done  on  the 
horizontal  milling  machine  can  be  done. 
Fig.  i_'  shows  the  method  of  cutting  the 
slots  in  the  blank  for  an  inserted-tooth 


Fig.  12.     Method  of  Cutting  Slots  around  Edge 
of  Blank. 


cutter  to  be  used  on  the  vertical  milling 
machine. 

The  use  of  the  vertical  milling  machine 
seems  to  be  growing  more  and  more  in 
favor  with  manufacturers  of  machinery 
and  hardware  sundries.  The  writer  has 
in  mind  a  case  where  a  large  door-frame 
for  a  boiler  front  was  to  be  faced  off, 
and  the  door  milled  to  fit.  The  old 
method  was  to  chip  and  file  until  the 
fit  was  made,  which  required  nearly  three 
hours'  labor  for  one  man.  By  the  use  of 
the  vertical  milling  machine  the  time  was 
reduced  to  about  twenty  minutes.  This 
is  only  one  of  many  thousands  of  cases 
where  the  supremacy  of  this  machine  is 
so  apparent  that  manufacturers  have  been 
obliged  either  to  introduce  it  as  a  money- 
saver  in  their  factories  or  to  continue  to 
be  classed  as  behind  the  times. 


THE  MAIN  GUN-SHOP. 
View  Looking  South  from  Gallery. 


U.  S.  Naval  Gun  Factory 

Details  of  Manufacture  of  the  Great  and  Secondary  Guns  Used  in  the 
Navy  and  for  Coast  Defense 


By  ROBERT  G.  SKERRETT 

Formerly  of  the  Navy  Department,  Washington,  D.  C. 


NO  work  connected  with  the  fash- 
ioning and  equipping  of  our 
fighting  craft  is  more  interesting 
than  that  importantly  contribu- 
tive  share  borne  by  the  United  States 
Naval  Gun  Factory  at  Washington,  D. 
C.  What  this  share  really  means,  is  un- 
derstood only  by  relatively  few  of  our 
millions  of  citizens:  and  this  lack  of 
knowledge  is  peculiarly  wide,  for,  during 
the  last  session  of  Congress,  one  of  the 
members  of  the  Naval  Committee  of  the 
House  of  Representatives  was  surprised 
to  learn  that  this  great  factory  was  act- 
ually within  sight  of  the  Capitol  itself. 

The  Gun  Factory  not  only  makes  most 
of  the  guns  for  our  ships,  but  keeps  the 
vast  bulk  of  them  in  repair,  and.  in  addi- 
tion to  this,  manufactures  all  of  the  ex- 
perimental guns  and  appliances  used  in 


connection  with  the  research  work  at  the 
Naval  I 'roving  Ground  at  Indian  Head. 
Maryland.  During  the  fiscal  year  [903, 
the  cost  of  labor  alone  was  $5,128,550. 
while  the  value  of  the  materials  used  was 
quite  a  third  more.  At  the  present  time, 
the  Factory  employs  about  4,000  men, 
and  the  majority  of  these  are  skilled  me- 
chanics of  a  high  order  of  attainments. 
The  scope  of  the  work  covers  substan- 
tially the  entire  field  of  ordnance  produc- 
tion, save  that  of  making  the  steel  forg- 
ings  from  which  the  gnus  are  fabricated, 
and  the  manufacture  of  powder  and  pro- 
jectiles. To  the  great  steel  manufactories 
of  the  country,  due  credit  must  be  given 
for  supplying  the  big,  high-grade  forg- 
ings  demanded  in  this  held  of  mechani- 
cal industry  ;  and.  in  no  small  measure, 
the    growing    effectiveness    of    our   ord- 
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nance,  pound  for  pound  of  mass,  is  to 
be  credited  to  the  discoveries  and  ad- 
vances made  by  the  steel  works  and  their 
metallurgists. 

In  no  other  field  of  mechanical  lahor 
involving  the  handling  of  similar  masses 
of  metal,  is  there  demanded  the  same 
nice  regard  for  the  minutest  fractions  of 
an  inch.  Ponderous  bodies  weighing 
more  than  half  a  hundred  tons  are  put 
together  with  a  scrupulous  exactness  of 
a  thousandth  of  an  inch,  that  the  wea- 
pons, in  turn,  may  hurl  safely  their  har- 


During  the  fiscal  year  1903,  the  Fac- 
tor)- turned  out  no  fewer  than  150  new 
guns  of  various  calihers — 65  of  them  be- 
ing of  6-inch  caliber  and  upwards.  Be- 
sides these  new  guns, the  Factory  convert- 
ed 11  guns  and  refitted  no  fewer  than  46 
guns  of  older  pattern.  During  the  same 
period,  or  rather  at  the  close  of  the  fiscal 
year  mentioned,  the  Factory  had  under 
construction  681  new  guns,  of  which  a 
good  share  have  now  been  completed.  To 
handle  this  immense  mass  of  work — and 
to  appreciate  the  labor  involved,  one  must 
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dened  missiles  of  steel  against  an 
enemy's  defense  with  the  murderous  rap 
of  thousands  of  tons. 

So  great  has  grown  the  demand  for 
guns — ships  being  authorized  more 
rapidly  than  their  armaments  could  be 
turned  out  by  the  present  plant — that  it 
has  become  necessary  for  the  Navy  De- 
partment to  have  some  of  the  8-inch 
rifles  and  those  of  lesser  calibers  built 
at  the  Army  Gun  Factory  and  by  some 
of  the  big  steel  works,  now  fitted  with 
ordnance  tools.  Of  the  largest  guns — 
those  that  form  the  main  reliance  of  our 
line  of  battle — all  are  built  at  the  Naval 
Gun  Factory.  These  are  guns  of  10-, 
T2-.  and  13-inch  calibers — the  last-men- 
tioned being  considered  now  somewhat 
out  of  date. 


live  in  the  midst  of  it  day  in  and  day 
out — the  employees  are  divided  into  three 
shifts  of  eight  hours  each  ;  and  the  plant 
is  run  continuously,  except  on  Sundays 
and  regular  legal  holidays. 

The  Gun-Shop 

The  Factory  has  grown  from  two  small 
shops  in  1884  to  the  immense  plant,  even 
now  much  too  limited,  occupying  the 
major  part  of  the  Washington  Navy 
Yard.  And  it  is  in  the  great  "gun- 
shop,"  so  designated,  that  the  greatest 
interest  centers,  for  it  is  there  that  the 
gun,  apart  from  its  mounting,  is  fabri- 
cated from  the  rough  materials,  and 
turned  out  ready  for  proof  at  the  Naval 
Proving  Ground  at  Indian  Head.  This 
shop  is  130  feet  wide  and  996  feet  long, 
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and  houses  under  its  roof  half  a  thousand 
busy  artisans  of  a  highly  trained  char- 
acter. It  may  be  said,  in  passing,  that 
these  men  stand  entirely  upon  merit,  po- 
litical influence  long  since  having  been 
barred  from  interference  with  the  per- 
sonnel engaged  upon  so  pre-eminently  a 
serious  work.  The  northern  end  of  the 
shop  is  given  over  to  the  manufacture  of 
the  largest  of  the  guns  ;  the  middle  sec- 
tion, to  those  of  lesser  caliber;  while  the 
southern  part  is  absorbed  in  the  highly 
exacting  work  of  making  the  breech  me- 
chanisms. In  the  gallery  over  the  north- 
ern end  of  the  gun-shop,  something  over 
200  men  are  busv  making:  the  sighting:  in- 


ever,  samples  of  each  have  been  tested 
chemically  and  physically  to  see  that  they 
meet  all  the  requirements  set  forth  in  the 
specifications  drawn  up  by  the  Bureau 
of  Ordnance.  These  specifications  de- 
mand that  the  tubes,  the  innermost  part 
of  the  guns,  shall  have  a  high  tensile 
strength  (say  85,000  pounds  per  square 
inch)  so  that  the  jackets — the  cover  King 
immediately  next — shall  be  stronger;  and 
the  succeeding  covers,  or  "hoops"  as  they 
are  called,  must  be  still  stronger.  The 
jacket  of  every  gun  is  shrunk  on  the 
tube:  and  the  hoops  are  shrunk  succes- 
sively over  the  jacket,  until  the  greatest 
mass  of  the  steel  is  concentrated  over  the 
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struments — the  eyes,  as  it  were — for  the 
guns  building  below  ;  and  each  of  these 
several  divisions  has  its  own  interests  and 
its  own  peculiar  importance. 

Making  a  12-Inch  Rifle 

Let  us  follow  the  course  of  fabrication 
of  a  modern  12-inch  rifle — the  most 
powerful  naval  weapon  built  for  any  gov- 
ernment. Well  may  we  take  pride  in  the 
proud  position  won  by  American  genius 
and  American  mechanical  skill. 

The  steel  forgings  are  received  at  the 
Xaval  Gun  Factory  from  several  of  the 
great  private  steel  plants  of  the  country. 
They  come  in  the  shape  of  cylinders  of 
various  lengths,  roughly  bored  and 
roughly  planed  approximately  to  the  di- 
mensions required  for  the  finished  prod- 
uct.  Before  they  have  been  shipped,  how- 


breech  and  the  explosive  chamber,  where 
the  powder  is  first  ignited  and  develops 
its  maximum  pressure.  If  one  take  the 
contour  of  a  naval  rifle,  using  the  center- 
line  of  the  bore  as  a  base,  a  curve  starting 
from  the  rear  end  of  that  line,  rising 
easily  but  quickly  to  the  maximum  di- 
ameter, and  thence  to  the  muzzle — not 
back  to  the  base-line  at  that  end — one 
would  have  a  fair  idea  of  the  pressures 
developed  by  the  propcllant  charge.  The 
gun,  therefore,  is  designed  to  meet  these 
varying  pressures  with  a  correspondingly 
resistant  mass  of  steel ;  and  the  weapi  mis 
built  progressively  stronger  outward,  that 
the  shock  may  be  the  better  absorbed, 
and,  in  case  of  rupture,  that  the  break 
may  occur  within  the  tube  rather  than  in 
the  restraining  jacket  or  hoops. 


52 


THE    1'hCHNICAL    WORLD 


The  Tube  and  Jacket 
The  tube  having  been  placed  in  one 
dt'  the  greal  lathes  and  most  carefully 
centered,  its  rough  surface  is  patiently 
cut  away  until  its  external  diameter  is 
approximately    the    dimensions    of    the 


The  Shrinking-Pit. 

Raising  out  the  first  jacketed  tube  for  a  43-caliber 

12-inch  rifle. 

drawing.  The  jacket,  which,  in  the  case 
of  all  guns  from  the  new  5-inch  upward, 
reaches  from  breech  to  muzzle,  is  also 
put.  in  a  corresponding  lathe  and  bored 
most  carefully  to  the  exact  dimensions 
set  down  on  the  drawing.  As  this  work 
progresses,  every  inch  of  the  bore  is  most 
accurately  measured  by  star-gauges  that 
read  to  the  thousandth  of  an  inch.  The 
machinist  in  charge  of  the  lathe  must 
watch  continually  the  cutter  on  his  boring 
bar,  and  see  to  it  that  no  stray  bits  of 
steel  shavings  jam  in  between  and  scratch 
that  finished  surface.  With  the  jacket 
finally  bored  and  ready  to  be  shrunk  on 
the  tube,  the  outside  of  the  tube  is  then 
turned  down  until  it  is  just  a  few- 
thousandths  of  an  inch  greater  in  diam- 
eter than  the  bore  of  the  Jacket  —  the 
surface,  likewise,  being  free  from  all 
blemishes. 

The  next  stage   is  that  of  expanding 


the  jacket  by  heating,  so  that  it  will  be 
large  enough  to  go  over  the  tube.  The 
shrinking-pit  where  this  work  is  done 
occupies  a  central  position  in  the  gun- 
shop  ;  and  over  it,  spanning  the  width  of 
the  main  space,  are  run  freely  four  big 
electrically-driven  cranes  —  the  largest 
having  a  lifting  capacity  of  no  tons.  In 
the  pit  are  two  hoop  furnaces  and  one 
jacket  furnace.  The  heat  is  produced  by 
petroleum  jets  ;  and  the  hot  air — not  the 
flame — is  fed  into  the  lower  part  of  the 
compartment  holding  the  jacket  or  hoop, 
as  the  case  may  be.  The  temperature 
ranges  from  6oo°  to  750°  Fahrenheit.  On 
the  south  side  of  the  shrinking-pit  are 
the  wells  in  which  the  tubes  are  stood 
upright. 

About  thirty  hours  ago,  let  us  say,  the 
jacket  was  picked  up  from  its  lathe,  and 
carried  to  the  jacket  furnace,  into  which 
it  was  lowered  vertically  ;  the  top  of  the 
furnace  was  sealed,  and  the  petroleum 
blast  turned  on  to  heat  the  air  to  be  led 
to  the  jacket.  Coming  in  from  below,  and 
rising  naturally,  the  entire  tube  is  thus 
uniformly  heated  within  a  few  degrees  of 
variance.  In  the  meanwhile,  the  tube 
has  been  placed  vertically  in  its  well, 
carefully  centered,  a  cap  fitted  on  top, 
and  streams  of  cold  water  circulated 
within. 

Everything  is  now  in  readiness.  The 
top  of  the  jacket  furnace  is  lifted  and 
carried  away  by  one  of  the  smaller 
cranes,  while  the  big  no-ton  affair  is 
made  ready  and  secured  to  the  heated 
jacket.  This  work  is  not  without  its 
measure  of  peril,  for  the  men  must  stand 
about  the  open  mouth  of  the  furnace  and 
in  the  dizzying  air  therefrom.  Quickly 
the  40  feet  of  jacket  is  hoisted  clear,  and 
swung  over  near  the  shrinking-pit.  Xo 
chances  are  taken,  however,  the  bore  of 
the  jacket  is  quickly  but  no  less  carefully 
measured  by  long-handled  star-gauges. 
Everything  being  right,  the  big  crane 
brings  the  jacket  directly  over  the  wait- 
ing tube  ;  while  sweating  men,  with  great 
asbestos  mittens,  push  the  bottom  of  the 
jacket  fairly  into  place  and  guide  it  over 
the  head  of  the  water-cooled  tube.  Slow- 
ly it  is  lowered  ;  and.  as  it  moves  freely, 
it  is  allowed  to  settle  faster,  until,  in  the 
last  dozen  feet,  it  slides  down  the  tube 
on  a  run,  and  lands  in  place  with  a  stamp 
that  lifts  a  heavv  load  from  the  shoulders 
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of  the  superintendent  of  the  shrinking- 
pit. 

Should  the  jacket  be  unevenly  heated, 
or  should  it  be  canted  in  lowering,  it 
might  stick  ;  and  there  would  be  a  prob- 
lem involving  thousands  of  dollars,  and, 
perhaps,  the  total  loss  of  the  jacket.  ( )w- 
ing,  however,  to  the  skill  of  long  practice 
and  to  the  many  precautions  taken,  this 
has  happened  but  rarely.  It  is  much 
more  apt  to  occur  in  the  smaller  guns,  in 
which  cases,  the  mass  of  metal  being 
less,  cooling  takes  place  more  rapidly. 
The  water  within  the  tube  is  still  allowed 


The   Hoops 

The  hoops,  which  follow,  arc  heated 
in  the  same  way.  Being  smaller,  how- 
ever, they  take  less  time :  and,  being 
lighter,  many  or  most  of  them  are  put 
in  place  with  the  gun  in  a  horizontal  posi- 
tion in  the  lathe.  After  the  jacket  has 
been  shrunk  in  place,  the  embryo  gun  is 
put  back  in  the  lathe,  and  the  work  pro- 
ceeds as  before,  the  first  hoop  being  ac- 
curately bored  to  the  dimensions  of  the 
drawing,  while  the  external  diameter  of 
the  jacket,  as  far  as  the  hoop  overlaps  it, 
is   afterwards   turned   to   suit   the   hoop. 


IN  THE  SOUTH  GUN-SHOP. 
Boring  out  the  powder  chamber  of  a  6  inch  gun. 


to  circulate,  and  in  about  twenty-four 
hours  the  whole  bulk  will  be  cool  enough 
to  be  withdrawn  from  the  pit. 

In  shrinking,  the  jacket  is  still  dis- 
tended by  the  few  thousandths  of  an 
inch  difference  between  its  original  in- 
ternal diameter  and  the  greater  diameter 
of  the  outside  of  the  tube.  The  pressure 
of  this  restrained  difference  constitutes 
the  grip  with  which  the  jacket  continues 
when  cold  to  hold  the  tube  firmly.  If 
this  were  not  the  case,  heating  the  gun 
during  continued  firing,  especially  in  the 
lighter  calibers,  would  cause  serious  loos- 
ening. 


The  reason  of  this  is  that  the  operation 
of  boring  is  a  much  more  delicate  one 
than  that  of  turning  the  outside.  As  one 
can  see,  the  cover  in  each  case  prescribes 
the  dimensions  of  the  thing  to  be  cov- 
ered— the  reversal  of  the  practice  pre- 
vailing generally  with  other  things. 

By  building  a  gun  thus  in  sections,  it 
is  possible  to  have  a  more  intimate 
knowledge  of  the  entire  fitness  of  the 
material  from  core  to  cover ;  and  results 
are  obtained  that  would  otherwise  be 
denied  in  a  single  big  forging — no  matter 
how  carefully  worked.  Hence  the  mod- 
ern "built-up"  gun. 
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Boring  and  Rifling 
With  the  last  hoop  in  place,  the  gun 
is  put  in  the  lathe  for  the  last  time,  and 
must  delicately  centered  preparatory  to 
the  finished  boring  of  the  tube.  This 
work  must  be  done  with  the  utmost  ex- 
actness and  exquisite  smoothness  —  the 
boring  bits  being  adjustable  to  the  most 
minute  part  of  an  inch.  With  this  com- 
pleted— and  it  takes  weeks  and  weeks  to 
do  the  work — there  follows  the  even 
more  delicate  task  of  cutting  the  rifling 
threads,  by  which  the  projectile  is  made 
to  revolve  laterally  and  is  given  that  spin 
which  adds  to  the  accuracy  of  its  flight 
and  to  the  flatness  of  its  trajectory.    This 


Breech  Mechanism  of  an  8-Inch  Rifle. 

Dummy  to  which  all  breech  mechanisms  are  fitted  before 

issue  to  service. 

rifling  is  not  uniform  in  its  twist;  it  is 
progressive  —  from  zero  at  the  powder 
chamber,  to  a  maximum  at  the  muzzle. 
It  is  cut  by  a  very  ingenious  tool,  fash- 
ioned with  all  the  cunning  and  precision 
of  a  watchmaker's  art,  and  yet  strong 
enough  to  bite  into  the  steel.  This  tool 
is  called  a  "rifling-head,"  and  it  is  so  ar- 
ranged that  it  can  cut  four  of  the  threads 
simultaneously.  The  "rifling-head"  is 
fitted  to  a  long  borins:  bar — which,  by  the 
way.  is  as  long  as  the  bore  of  the  gun 
— and.  into  this  bar  is  cut  a  groove,  rec- 
tangular in  section,  that  exactly  cor- 
responds with  the  twist  of  the  rifling  of 


the  ]  >articular  gun  in  question.  Through 
the  last  bearing — that  is,  the  one  nearest 
the  muzzle  of  the  gun  to  be  rifled — is 
a  fixed  bolt  or  guide-stud,  which  is  set 
into  this  groove  ;  and.  as  the  bar  is  pushed 
forward,  the  "rifling-head"  is  turned  ac- 
cordingly. A  strap  passing  around  the 
rear  end  of  the  boring  bar  and  heavily 
weighted,  gives  the  bar  a  constant  ten- 
dency to  revolve,  and  thus  keeps  the 
"rifling-head"  bearing  evenly  and  con- 
tinually against  the  guide-stud.  This 
operation  has  to  be  seen  to  be  ap- 
preciated. Only  the  most  skillful  men 
are  employed  at  this  task,  for  any  failure 
in  the  perfect  accuracy  of  smoothness  of 
this  cutting  would  bear  directly  upon  the 
life  of  the  gun  and  the  precision  of  its 
fire.  Every  inch  of  this  work  is  meas- 
ured most  delicately.  Months  are  ab- 
sorbed in  the  operation ;  and  then  the 
final  touches  remove  the  slightest  trace 
of  a  wire  edge  or  the  least  bit  of  uneven- 
ness. 

The  Breech  Mechanism 

Xext  to  the  work  of  cutting  the  rifling, 
comes  that  of  cutting  the  threads  of  the 
interrupted  screw  which  forms  the  lock- 
ing shoulders,  so  to  speak,  for  the  breech- 
plug.  This  breech-plug,  with  its  contrib- 
utive  parts,  is  a  wonderful  affair ;  and 
the  greatest  of  mechanical  and  engineer- 
ing skill  have  been  devoted  to  making 
it  the  reliable  device  it  is  to-day  in  our 
high-powered  guns.  Some  notion  of  the 
amount  of  work  involved  in  its  construc- 
tion may  be  had  in  remembering,  that, 
of  the  52  tons  of  the  modern  12-inch 
rifle,  apart  from  its  mounting,  but  1.5 12 
pounds  is  centered  in  the  breech  mechan- 
ism ;  and  yet  it  takes  as  long  a  time  to 
build  this  relatively  small  part  as  it  does 
to  construct  the  gun  itself — which,  in 
the  case  of  these  big  rifles,  is  from  eight  to 
nine  months.  Hand  work  of  an  ex- 
quisitely fine  nature  enters  extensively 
into  its  fabrication.  This  mechanism 
contains  the  firing  device,  the  locking 
mechanism,  the  breech-plug,  the  gas 
check,  and  the  controlling  gear  and 
cranks  that  turn  the  plug  free,  withdraw 
it,  and  swing  it  to  one  side  so  that  the 
gun  may  be  reloaded.  To  make  these 
parts  strong  enough  to  withstand  the 
chamber  pressure  of  nearly  17  tons  to  the 
square   inch,   and   yet   light    enough    to 
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IN  THE  SECONDARY  GUN-SHOP. 
One  of  the  Navy's  Spitfires. 


move  with  celerity,  is  one  of  the  tasks 
set  the  ordnance  engineer  ;  and  the  per- 
formance of  our  gnus  at  target  practice, 
and  their  endurance  under  stress,  are 
proof  of  the  skill  displayed  in  their  design 
and  their  fabrication — for  there  must  be 
no  ehance  of  a  leak  of  these  hot,  erosive 
gases  under  that  enormous  pressure,  for 
gases,  so  escaping',  would  soon  cut  away 
disastrously  the  protecting  metal,  hard 
as  it  is. 

It  would  take  a  book  to  tell  all  there 
is  of  interest  in  the  work  carried  on  at 
the  Gun  Factory,  for  the  field  is  a  diver- 
sified one.  To  give  the  guns  a  proper 
mounting,  is  no  small  part  of  the  prob- 
lem :  and  to  make  the  guns  in  those 
mounts  so  mobile  that  they  may  follow 
quickly  and  accurately  a  moving  target, 
is  the  prime  difficult}-  confronting  the 
ordnance  engineer  in  building  tin-  con- 
trolling mechanisms  for  big  guns.  It  is 
claimed,  however,  that  this  obstacle  has 
finally  been  overcome  ;  but  how,  must  not 
be  published.  Xo  small  part  of  this 
mobility  and  accuracy  lies  with  a  proper 
sighting  instrument — one  that  will  with- 
stand the  shock  of  the  gun's  discharge 


and  continue  to  give  true  readings;  and 
this,  too,  our  ordnance  experts  think  they 
have  successfully  met. 

Sure  it  is,  however,  that  in  workman- 
ship at  any  rate,  our  guns  stand  un- 
rivaled ;  at  Indian  Head  they  have  proved 
their  superior  might ;  and  at  target  prac- 
tice they  have  made  records  of  which 
any  reasonable  foe  might  well  be  wary. 
Fine  as  all  of  these  performances  have 
been,  yet  we  are  promised  still  mightier 
engines  of  destruction  upon  the  presenl 
dimensions,  by  the  adoption  of  nickel 
steel  in  the  future. 

The  record  of  only  two  decades  is  a 
remarkable  one,  realizing,  as  we  must. 
that  we  had  to  learn  the  greater  part  of 
what  is  vital  b  5S  in   this  work  by 

actual  experience — for  our  foreign  rivals 
naturally  kept  the  prime  things  secret. 
The  Naval  'inn  Factory  has  set  the 
standard  for  the  private  manufacturer; 
and,  even  though  the  day  should  come 
when  the  plant  were  able  to  make  a 
smaller  percentage  of  the  guns  required. 
its  existence  and  continuance  would  be 
prime  to  the  best  interests  of  the  Nation 
and  the  Xavy. 
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Second  Paper* 


By  LOUIS  A.  LAMB 
Editor,   Pit  and  Post 


BljT  is  assumed  that  the  ambitious 
I  novice  is  provided  with  a  5-by- 
\  7  tripod  camera  of  good  bel- 
I  lows  capacity,  equipped  with 
I  a  symmetrical  anastigmat  of 
I  eight  inches'  focal  length. 
I  working  at  1\  6.8  as  a  doublet. 
*  or  at  half  that  aperture  and 
with  a  focal  length  of  sixteen 
inches  as  a  single  landscape  objective : 
that  the  lens  is  fitted  with  a  shutter  of  the 
"between  the  lens"  class,  working  in  the 
plane  of  the  diaphragm  and  adjustable  for 
exposures  ranging  nominally  from  one 
one-hundredth  of  a  second  to  "time  ex- 
posures" of  any  dura- 
tion. It  is  assumed,  fur- 
ther, that  the  outfit  in- 
cludes rapid  plates. 

General 
Requirements 

What  general  rules  or 
principles  govern  the 
proper  use  of  this  equip- 
ment? Speaking  with 
reference  to  the  merits 
or  demerits  of  the  final 
result,  or  the  "print." 
as  it  is  called,  it  is 
obvious,  First,  that  the 
subject  must  be  well 
chose  n — in    w  h  i  c  h 


specification  ma\  he  included  everything 
whereby  the  really  dominant  idea,  con- 
cept, or  object  is  assured  supremacy  in 
the  finished  picture  ;  Second,  that  the  im- 
pression produced  on  the  mind  or  on  the 
emotions  by  the  subject  must  be  duly  re- 
produced in  the  picture.  Failing  in  these 
points,  the  result  is  of  uncertain  value. 

Speaking  merely  as  technical  photog- 
raphers, we  may  say  that  the  print  must 
reveal : 

1.  Wise  choice  of  position,  considering  the 
limitations  of  the  apparatus  and  of  the  en- 
vironment. 

2.  Judicious  use  of  the  light  available. 


*Note. — The  next  paper 
will  take  up  the  subject  of 
manipulative  work,  and  espe- 
cially the  development  of  the 
exposed  plate.  The  first 
paper  of  this  series  appeared 
in  February. 


A  SAFE  HAVEN. 
An  example  of  adroit  management  of  meager  materials  in  a  square  space. 
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3.  Accurate  exposure,  recording  a  correct 
scale  1  ions. 

4.  Well-advised  development,  to  preserve 
these  tonal  qualities  and  values  in  the  negative, 
ami  to  transmit  them  to  the  final  print. 

5.  Suitable  choice  of  a  printing  medium. 

Surprising  as  it  may  seem,  the  fact  is 
that  an  observant  person  will  attain  com- 
plete command  of  all  these  matters  in  a 
very  short  time.  The  essential  thing  is 
to  have  an  analytical  knowledge  of  the 
subject  to  be  represented — its  determin- 


The  Year's  Last  Smile. 

We  have  here  an  effort  to  translate  into  forms  and  values  the  mellow 
light  and  soothing  repose  of  an  autumn  day.    The  tranquillity  of  the 
picture,  and  its  obvious  serenity  of  mood,  are  due  entirely  to 
the   artifice  whereby  the  photographer  obtained  the  broad 
sweep  of  placid  water  in  the  foreground,  and  that  where- 
by the   graceful   fretwork  of   limbs  and  twigs  was 
made   to   fill  the  upper   part  of  the  space. 


ing  characteristics  of  form,  texture,  mass, 
stability,  motion,  and  so  on — for  there  is 
no  possibility  of  representing  correctly 
that  which  the  mind  of  the  artist  has  not 
fully  comprehended.  First,  form  a  defi- 
nite concept  of  the  subject ;  second,  com- 
pare the  printed  image  with  the  mental 
image :  third,  profit  by  every  failure  to 
make  the  negative  and  the  mental  image 
coincide.  A  failure  which  obviates 
danger  of  future  failures  may  be  counted 
a  success. 


Choice  of  Position 

Choice  of  position  depends 
primarily  on  the  focal  length 
of  the  lens,  the  bellows  exten- 
sion available,  and  the  size  of 
the  required  image.  The 
worker  must  decide  at  the 
outset  which  of  innumerable 
objects  before  him  he  wishes 
to  picture ;  he  must  give  to 
each  its  rank,  and  adjust  ev- 
erything so  that  the  assigned 
importance  of  each  object 
shall  be  maintained.  He  must 
know  in  advance  how  much 
detail  he  needs  in  the  print ; 
and  he  must  know  which,  and 
how  many,  of  the  infinite 
number  of  perspective  planes 
are  to  be  depicted  sharply. 

If  an  object  is  to  be  depicted 
in  its  true  size,  it  must  be 
placed  at  a  distance  from  the 
diaphragm  exactly  equal  to 
twice  the  focal  length  of  the 
objective,  and  the  bellows 
must  be  drawn  out  precisely 
the  same  distance.  Evidently, 
therefore,  focal  length  is  the 
vital  consideration  about  an 
objective,  and  the  controlling 
factor  with  reference  to  posi- 
tion or  point  of  view. 

^\'itliiii  limits,  however,  the 
photographer's  control  of  the 
lens  diaphragm  enables  him 
to  overstep  the  normal  restric- 
tions of  focus.  It  is  elemen- 
tary that  the  power  of  a  lens 
to  produce  simultaneously,  in 
a  single  plane,  sharp  im- 
ages of  objects  at  different 
distances      from      the     cam- 
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"A  STERN  AND  ROCK-BOUND  COAST." 

This  picture  is   of  rare  charm   in  its  original  state  —  platinotype — on  account  of  the  remarkable  variety  of  textures  and 

tonalities  represented.    It  commands  study,  also,  for  the  beautiful  disposition  of  its  masses  of  light  and  dark.    It 

fully  typifies  the  aesthetic  capabilities  of  the  camera,  properly  used.     Note  the  high  significance  of  the 

group  of  repeating  lines  diagonally  across  the  picture,  as  the  unifying  force  holding 

together   the   balanced   masses   on   the  right   and   left. 


era,  depends  on  the  relation  of  focus  to 
aperture  and  on  the  numerical  value  of 

the  focus.  The  shorter  the  focal  length 
and  the  smaller  the  aperture,  the  greater 
the  number  of  planes  which  may  be  de- 
picted sharply  at  the  same  time.  Con- 
versely, the  longer  the  focal  length  and 
the  more  rapid  the  lens,  the  fewer  the 
planes  it  can  represent  critically  sharp  at 


one  exposure.  On  these  considerations, 
mainly,  rests  the  immense  importance  of 
the  diaphragm  ;  but  it  lias  other  functions 
as  well — namely,  the  regulation  of  expos- 
ure and  the  equalization  of  illumination 
over  the  plane  of  the  imag 
Use  of  "Stops" 
One  of  the  chief  difficulties  besetting 
the  amateur  is  the  proper  and  efficacious 
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use  of  the  "stops"  or  diaphragm  of  his 
lens,  for  its  dual  purpose  of  regulating 
the  light  or.  even  more  frequently,  of 
governing  the  "depth  of  focus"  of  the 

objective.  It  is  simple  enough  to  re- 
member that  the  successive  openings  of 


stop  F/7.7  or.  as  usually  marked.  F/8; 
four-tenths  will  be  indicated  for  F/n; 
and  so  on.  The  order  of  stop  numbers, 
expressed  in  terms  of  focal  length,  is  as 
follows:  F/5.6,  6.3,  6.8,  77  or  8,  II, 
16,  22,  32,  45,  64.     As  a  matter  of  course, 


REST. 

Close  study  of  this  picture  will  reveal  its  charm  in  its  subtle  play  of  concealed  curves  and  opposed  straight  lines.     The 

chief  of  these  curves  may  be  traced  along  the  boundary  between  the  broad   masses  of    light  and  shade  on 

the  right  of  the  picture,  near  which  line  the  figure  is  posed.    The  subject  reveals  high  artistic  sensibility. 


the  diaphragm  vary  by  a  constant  ratio 
of  one  to  two  in  terms  of  area.  Accord- 
ingly it  will  follow  from  the  laws  of 
light,  that  the  exposure  must  be  doubled 
for  each  reduction  of  aperture  from 
number  to  number  of  the  index.  If  one 
tenth  of  a  second  is  normal  with  aperture 
F/6.8,  two-tenths  will  be  required  with 


the  doubling  of  focal  length  due  to  halv- 
ing a  symmetrical  lens  makes  the  full 
aperture  of  the  single  just  half  that  of  the 
whole  lens.  For  example,  half  of  a 
doublet  rated  at  F/8  will  work  with  a 
maximum  intensity  of  F/16;  and  F/11 
of  the  diaphragm  ring  will  mean  only 
F  22  for  the  single. 
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With  reference  to  the  increase  of 
depth  of  focus  by  "stopping  down,"  it  is 
not  necessary  to  tire  the  beginner  with 
rules  when  ocular  evidence  of  the  clearest 
sort  may  be  found  on  the  ground  glass. 
The  proper  way  to  gain  the  knowledge 
requisite   for  the  use  of  stops  to  bring 


The  Last  Bend  of  the  Road. 

We  have  here  one  of  the  charming  and  persuasive  bits  so  commonly  seen  and  so 

seldom  well  photographed.     The  reason  is  that  camera  workers  often  neglect 

to  study  the  essential  elements  of  what  appeals  to  them  as  beautiful.     In 

this  picture,   it  is  clear  that  the  merit  of  the  piece  lies  in  the  clever 

handling  of  the  ncniveau  art  curve  of  the  road  joining   that  which 

defines  the   form   of  the   large   tree  in   the   center.      The 

placing   of  darks   and   lights,    also,    is   good. 


tell  which  exposure  was  best,  considering 
the  development  and  in  view  of  the  needs 
of  the  worker.  It  may  as  well  he  said, 
in  passing,  thai  the  "latitude'-  of  modern 
dry  plates  is  most  liheral.  By  this  we 
mean  that  exposures  considerably  under 
or  over  the  normal  timing  will  yield  tol- 
erable results  under 
modern  scientific  de- 
velopment. Of  this, 
however,  we  shall 
have  occasion  to 
speak  in  some  detail 
further  on. 

As  a  useful  hint  to 
the  unpracticed  nov- 
ice, the  following 
easily  learned  table 
will  be  useful,  pend- 
ing the  acquisition  of 
such  ripe  experience 
as  will  make  it  dc 
trop.  It  is  adapted 
from  the  excellent 
table  of  Dr.  J.  A. 
Scott : 


diffused  images  into  sharp  focus,  is  to 
make  careful  mental  note  of  the  changes 
observed  on  the  screen  as  the  diaphragm 
is  moved  from  one  number  to  another. 
A  single  test  will  fix  the  matter  firmly  in 
mind  without  resort  to  rules. 

Timing  Exposure 

Correct  timing  is  one  thing  which  must 
be  learned  in  the  school  of  experience. 
The  practiced  worker  can  tell  to  a  nicety, 
by  inspection  of  the  ground  glass,  just 
what  exposure  his  plate  needs.  The  be- 
ginner ought  to  learn  this  for  himself  by 
giving  a  number  of  plates  a  regular  series 
of  exposures  on  the  same  view  under 
identical  conditions  of  lighting,  and  with 
the  same  stop.  For  instance,  let  him  fo- 
cus sharply  on  a  distant  landscape  with 
the  lens  wide  open,  and  give  to  successive 
plates  exposures  varying  as  I  to  2.  If 
careful  note  is  made  of  the  appearance  of 
the  image  in  each  case,  and  if  the  num- 
bers 1,  2,  3,  etc.,  are  marked  on  the  film 
side  of  the  plates  before  development,  to 
insure  proper  identification  when  dry, 
mere  inspection  of  the  final  negatives  will 


Uxits  of  Exposure  Required  at  Noon 

June,  July,  and  August 1 

April  and  May 1/4  ' 

March  and  September 1M2 

February  and  October 2 

January  and  November   3V2 

December    4  to  5 

State  of  Weather 

Sunshine    1 

Sun  veiled  lightly 2 

Heavy  clouds 3 

Stormy    4  to  6 

Situations 

Open  sky  and  water 1 

Distance     2 

Middle  Distance    3  to  4 

Immediate    foregrounds,    according    to 
aspect    8  to  32 

Xo  prescription  can  be  expected  to  re- 
place common  sense  and  judgment ;  but 
the  approximations  of  the  table  will  be 
useful  guides  to  the  perplexed  beginner. 
He  may  modify  the  values  for  himself  as 
his  data  pile  up  and  as  his  memory  grows 
keener.  The  latitude  of  almost  all  plates 
is  sufficient  to  compensate  errors  within 
reasonable  limits.  But  do  not  under-ex- 
pose.   It  is  fatal. 
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Composition 

The  arrangement  or  "composition"  of 
a  picture  is  the  subject  of  endless  discus- 
sion;  but  it  is  almost  wholly  a  tempera- 
mental matter.  The  man  who  can  com- 
pose unerringly  is  an  artist,  whose  skill 
is  the  resultant  of  forces  far  antedating 
rules  and  schools.  However,  even  here, 
there  are  certain  principles  which  will  as- 
sist the  worker  on  his  hard  way  toward 


lights  and  shades,  the  lines  and  masses, 
the  tones  and  values  of  the  whole,  are  ad 
justed  in  >ucli  a  way  as  to  coerce  the  eye 
and  mind  to  rest  on.  and  to  compass,  the 
master  theme.  There  i>  no  possibility  of 
escaping  the  artist's  intention  ;  he  has  or- 
dered everything  so  that  the  beholdei 
cannot  stray  beyond  the  frame  ;  so  that  no 
question  can  arise  which  the  canvas  or 
the  print  will    not    answer    categorically 


j 


j. 


. 


* 


IVORY  AND  FINE  LACE. 

This  snow  scene,  though  open  to  criticism  for  its  meager  tonal  range,  merits  careful  analysis  by  those  who  care  for 

purely  decorative  effects.     It  fairly  "out-Japan's  Japan"  in  this  quality. 


the  goal  of  every  artist's  ideal — which  is, 
and  always  will  be,  consummate  arrange- 
ment of  lines,  masses,  values,  tones, 
planes,  and  all  the  rest  of  the  elements  of 
design. 

What  Makes  a  Masterpiece  ? 

In  a  picture  of  such  quality  as  to  be 
acclaimed  a  masterpiece,  certain  constant 
factors  are  discoverable.  We  find  that 
there  is  an  unequivocal  unity  about  all 
great  work.  Though  its  parts  be  myriad, 
they  have  jointly  and  severally  an  imper- 
ative relation  to  a  dominant,  absorbing, 
and  irresistible  central  idea.  Everything 
in  the  picture  points  to  it.  or  suggests  it, 
or  echoes  it :  it  is  the  focus  in  which  all 
the  energies  of  the  picture  converge.  The 


and  fully  for  the  man  of  culture  and  acu- 
men. In  fine,  everything  useless  is  elim- 
inated, and  everything  worthy  of  reten- 
tion is  employed  to  exalt  the  supreme 
concept. 

Work  of  this  kind,  whether  photo- 
graphic or  other,  is  justly  entitle' 1  to 
classification  among  the  "tine  arts:"  and 
there  is  no  valid  reason  why  the  camera 
should  not  he  a  most  valuable  instrument 
of  the  highest  art. 

It  is  forbidden,  except  for  a  distinct 
purpose,  to  place  the  principal  obj 
the  geometrical  center  i  '  the  space — for 
tin-  reason  that  such  position  suggests  ra- 
dial lints  diverging  to  infinity,  thus  de 
priving  the  principal  object  of  its  rightful 
dominance.     The  center  is  the  position  of 
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quiescence,  not  of  action  :  of  weakness  in- 
stead of  strength.  Assign  to  your  chief 
object  a  place  in  one  of  the  quarters  of 
the  space  :  and  so  connect  together  all  the 

points  of  interest  that  the  eye  will  be  led 
naturally  throughout  the  picture  and  will 
be  brought  to  rest  on  that  which  has  the 
highest  claim  to  attention. 

Much     lias    been    written    about    the 
proper  forms  and  boundaries  of  a  pict- 


mony,  by  which  all  artists  are  governed. 
More  than  all  else,  he  must  be  possessed 
of  a  worthy  idea  and  endowed  with  that 
rich  imaginative  faculty  which  alone  can 
give  vitality  to  a  graphic  idea. 

Specific  Rules 

Avoid  centering  your  principal  object 
on  the  plate. 

Chain  together  the  related  parts  of  the 


THE  FINGER  OF  THE  LAND  STRETCHED  OUT  TO  THE  SEA. 

Pleasing  as  parts  of  this  picture  are,  it  is  plain  that  it  would  be  helped  by  brave  pruning  and  trimming.     There  are  at 

least  two  agreeable  pictures  in  it — as  the  dotted  line  will  suggest.     It  is  a  helpful  exercise  to  try 

all  the  permutations  of  the  subject  before  actually  trimming  down  the  print. 


ure :  but  a  moment's  reflection  will  sug- 
gest mural  decorations  of  all  forms,  and 
all  equally  meritorious — spandrels,  lu- 
nettes, ellipses,  ovals,  circles,  foliations, 
triangles,  and  mere  ribbons  or  narrow 
panels,  not  to  try  to  catalogue  the  endless 
variety  of  irregular  spaces  that  occur  in 
architectural  designing.  Each  space  calls 
for  special  treatment,  but  the  principles  in 
all  cases  are  the  same. 

The  photographer  is  not  barred  from 
any  field  of  composition  he  may  elect  to 
enter — from  the  simplest  of  decorative 
designing  to  the  most  elaborate  historical 
subjects;  but  if  he  expects  to  attain  emi- 
nence, he  must  conform  to  the  laws  of 
unity,  coherence,  co-ordination,  and  har- 


picture,  and  avoid  detachment  and  scat- 
tering of  your  pictorial  elements.  Keep 
the  lights  connected  and  the  darks  co- 
herent, making  two  series  of  values  con- 
sistent throughout  the  scale  or  key  chosen 
for  the  work. 

Remember  that  the  lights  and  darks  of 
a  picture  must  be  in  equilibrium,  and  that 
a  small  mass  of  deep  black  will  counter- 
balance a  large  expanse  of  white. 

Preserve  the  extremes  of  your  gamut 
— the  deepest  blacks  and  the  pure  white — 
and  employ  them  in  nice  opposition,  to 
gain  supreme  effects. 

Avoid  right  lines  where  you  can  em- 
ploy curves ;  and  do  not  suggest  that  the 
skeleton  of  your  picture  is  made  up  of 
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straight  lines  if  you  can  intimate  that  the 
basic  lines  arc  curved.  So  arrange  your 
principal  masses  that  the  eye  will  per- 
force traverse  curvilinear  paths  in  com- 
passing the  subject. 

Avoid  repetition  of  lines,  masses,  con- 
tours, tonalities,  and  values,  except  in  po- 
sitions of  great  importance.  The  artifice 
of  repetition  is  one  of  the  most  powerful 
organs  of  graphic  art,  and  it  should  be 
reserved  for  the  climax,  not  frittered 
away  in  trivial  situations. 

If  you  wish  to  intensify  the  effect  of  a 
curve,  remember  that  it  may  be  done  by 
the  use  of  a  rigid  straight  line  as  a  foil. 
Conversely,  where  a  straight  line  is  need- 
ed to  give  a  sense  of  strength,  the  effect 
may  be  heightened  by  clever  juxtaposi- 
tion of  a  suitable  curve.  Use  right  lines 
sparingly  in  arrangements. 

Keep  the  center  of  gravity  of  your  pict- 
ure low  enough  to  suggest  stability,  un- 
less your  object  is  to  express  the  con- 
trary state  of  things — instability. 

Do  not  let  the  principal  object  seem  to 
be  leaving  the  picture,  except  as  a  clever 
and  effective  device  to  express  an  idea  of 
transition,  in  which  case  it  becomes  one 
of  the  potent  agencies  of  dramatic  artist- 
ry. In  general,  save  your  points  of  entry 
and  emergence,  as  you  do  your  deepest 
blacks  and  your  straight  lines,  to  give 
emphasis  or  significance  to  your  symbols. 

Detail  and  Sharpness 

The  question  of  detail  and  sharpness  is 
perennially  discussed  among  photogra- 
phers without  much  profit.  The  safe 
rule  seems  to  be  that  the  picture  should 
he  critically  sharp,  if  possible  without 
prejudice  to  the  idea  sought  to  be  con- 
veyed. In  the  rendering  of  a  head,  it  is 
worse  than  folly  to  labor  and  stop  down 
the  lens  for  the  sake  of  obtaining  sharp- 
ness of  definition,  which  is  neither  essen- 
tial to  the  record  nor  pleasing  to  the  aes- 
thetic sense.  Flesh  is  plastic,  mobile, 
and  vital:  to  represent  it  as  one  would 
iron  or  marble,  is  utterly  false  and  atro- 
cious. The  flesh  is  made  up  of  fibers  and 
cells,  and  the  skin  has  pores  ;  but  these 
things  are  of  interest  to  histologists  and 
anatomists,  not  to  artists.  It  is  well  to 
manage  your  lens  in  such  a  way  as  to 
avoid  critical  detail  in  all  portrait  work 
— at  least  in  all  that  professes  to  be  of 
the  "advanced"  genre. 


Even  in  the  most  purely  technical 
work,  universal  detail  is  a  defect  rather 
than  a  merit,  though  specific  detail  is 
highly  essential.  For  example,  if  you 
are  trying  to  make  a  picture  of  a  car 
truck,  you  will  want  everything  about  it 
keen  and  sharp.  The  purpose  of  the 
picture,  however,  will  in  no  wise  be  en- 


The  Race  for  Fortune. 
As  an  example  of  the  realistic  genre,  this  picture  is  inter- 
esting.    The  formal,  vertical  arrangement  is  modified 
effectively  by  the  repetition  of  the  crystal  globes, 
reflecting  each  its  crescent  of  light  and  afford- 
ing a  pleasing  "horizontal  component"  as 
a  foil   for  the  vertical   lines. 


hanced,  if,  by  excessive  stopping  down, 
the  trees  in  the  distance  are  rendered 
equally  well,  thus  compelling  the  eye  of 
the  observer  to  wander  from  that  which 
is  essential  in  the  picture  to  a  mass  of  ir- 
relevancy. 

It  is  well  to  remember  that  there  is  no 
device  more  efficacious  in  arresting  at- 
tention than  a  clearly  localized  area  of 
sharpness  ;  hence  the  use  of  detail  must 
be  made  a  study,  just  as  we  try  to  reduce 
the  tonal  gamut  to  a  science.  The  eye 
will  pass  over  indistinct  images,  and  will 
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ENCHANTMENT. 

The  merit  of  this  picture  is  almost  exclusively  bound  up  in  the  mediaeval  richness  of  its  tonal  gamut.     The  dispositior 

and  grouping  of  the  objects  will  repay  attention,  though  not  of  prime  importance  in  the  scheme. 


rest  on  the  minutest  area  of  critical 
sharpness;  therefore,  he  careful  that  the 
sharpness  coincides  with  the  essential,  not 
with  the  trivial. 

The  camera-maker  makes  provision  for 
the  needs  of  the  worker  in  this  respect  by 
means  of  rising  and  falling  lens  boards, 
by  vertical  and  horizontal  swings,  and  by 
elongation  of  the  bellows.  The  lens- 
maker,  too,  in  furnishing  iris  dia- 
phragms, gives  the  photographer  great 
control  over  the  distribution  of  sharp  def- 
inition. Care  is  required  in  the  use  of  all 
these  adjustments ;  but,  within  the  limits 
of  allowable  distortion,  they  afford  means 


of  pictorial  grace  which  no  worker 
should — though  most  do — ignore. 

Finally,  the  utmost  ingenuity  and  im- 
agination are  required  in  the  proper  mar- 
shaling of  symbols  and  analogues,  where- 
by the  purpose  of  a  picture  is  made  un- 
mistakable to  all  who  see  it. 

These  hints  cover  the  principal  points 
which  should  be  remembered  by  the  cam- 
era worker  in  arranging  his  picture.  If 
they  are  fully  obeyed,  and  are  coupled 
with  proper  technical  skill  on  the  part  of 
the  worker,  they  will  yield  satisfactory 
and  meritorious  photographs  in  every  de- 
partment of  the  craft. 


(To  be  continued) 


A  Path 

HE  sought  the  whither  of  all  life  for  long, 
And  drifted  on  an  aimless,  treacherous  main ; 
Hopeless    at   last,    he    turned    to    labor's    song, 
When  lo  !  across  the  deeps  a  way  was  plain. 
— Margaret  Prescott  Montague  in  Lippincotfs. 


Flaws  in  Castings 


Their  Prevention  by  Means  of  Thermite 


By  DR.  ALFRED  GRADENWITZ 

Berlin  Correspondent  of  The  Tic  hnk  al 


THERMITE,  which  is  mainly  a 
mixture  of  finely  divided  alumin- 
ium and  iron  oxide,  is  known 
to  go  on  burning  spontaneously 
after  it  has  been  ignited  at  any  point. 
This  fact  has  been  utilized  by  Dr.  Gold 
schinidt  in  connection  with  a  number  of 
further  discoveries  and  inventions  con- 
stituting the  body  of  quite  a  novel  branch 
of  chemical  science  to  which  the  name 
Alumino-thermics  has  been  given. 

In  its  spontaneous  combustion, thermite 
produces  temperatures  as  high  as  about 
3,000°  C.  The  iron  is  thus  liberated  in 
a  pure  state,  free  from  carbon,  a  slag  of 
aluminium  oxide  (the  so-called  artificial 
corundum)  being  formed  at  the  same 
time.  The  use  of  thermite  for  obtaining 
castings  free  from  pores  and  flaws  is 
based  on  the  fact  that  the  material  is  able 
to  burn  without  requiring  any  supply  of 
gases,  and  without  giving  rise  to  the 
formation  of  any  gaseous  products  in  the 
reaction.  The  idea  was  originally  sug- 
gested by   Mr.   W.    Mathesius. 

The  action  of  thermite  on  metallic 
baths  is  a  triple  one: — In  the  first  place, 
the  metals  produced  by  the  reaction  are 
alloyed  to  the  bath;  second,  the  heal  of 
reaction  of  the  thermite  is  transmitted 
to  the  bath  ;  and  third,  in  the  case  of  a 
suitable  application,  a  lively  intermixing 
of  the  metallic  bath  will  take  place. 

The  thermite  is  introduced  into  the 
liquid  metal  in  a  sheet-metal  box,  so  as 
to  produce  the  reaction  below  the  surface 
of  the  fused  metal.  In  the  case  of  cast 
iron,  titanium  thermite  is  used,  which  is 
a  thermite  containing,  in  addition  to 
aluminium  and  iron  oxide,  some  titanium 
oxide  intended  to  supply  to  the  fused 
metal  a  certain  amount  of  titanium,  when 
any  one  of  the  three  effects  pointed  out 
above  will  be  produced. 

A  box  filled  with  titanium  thermite 
(Fig.  1)  is  fixed  by  a  wire  to  an  iron  bar. 
the  latter  being  fitted  into  a  centrical  hole 
in  the  box.     The  bar  used  in  this  con- 


nection should  be  fairly  free  from  rust 
and  perfectly  dry.  After  the  box  and  the 
bar  have  been  reheated  to  the  temper- 
ature of  the  hand,  they  are  thrown  into 
the  metallic  bath  by  a  workman  whose 
hands  are  protected  by  gloves  againsl  the 
radiating  heat  from  the  surface  of  the 
fused  metal.  During  the  reaction,  the 
bar  is  kept  within  the  metal  as  motion- 


Fio.  1.     Casting-Pan  with  Titanium  Thermite 
Box  Immersed. 

less  a*>  possible.  After  the  thermite  box 
has  been  dipped  into  the  bath,  the  re- 
action will  take  place  instantaneously, 
lasting  about  1  to  ij_>  minutes  in  regular 
course;  it  is  manifested  externally  by  a 
lively  bubbling  of  the  bath,  resulting  in 
a  mixture  so  intimate  that  it  would  be 
impossible  by  the  use  of  any  other  agent. 
This  intermixing  is,  of  course  attended 
with  a  material  improvement  of  the  iron 
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itself,  any  differences  due  to  the  varia- 
tions in  the  iron  from  different  stages 
melted  together  being  compensated  for. 
The  iron  expert  will  notice  at  once  in  the 
liquid  metal,  the  influence  exerted  on  its 
condition  by  the  thermite  reaction.  In 
fact,  the  jel  flowing  from  the  cupola 
furnace  onto  a  pan  is  perfectly  opaque; 


Metal  surfaces  that  formerly  would  spit 
continuously,  become  quite  motionless 
after  the  reaction  has  been  produced. 

A  further  property  of  titanium  is  the 
fact  that  it  will  fix  nitrogen.  In  the  case 
of  the  liquid  iron  containing-  even  small 
amounts  of  titanium,  the  latter  will  de- 
compose the  atmospheric  air,  fixing  the 


M  (/-)  U) 

FIG.  2.     USE  OF  FLAW-THERMITE  IN  MAKING  STEEL  CASTINGS. 
(a)  Before,  (i)  during,  (c)  after  casting  process. 


while  in  the  case  of  the  iron  undergoing 
the  thermite  reaction,  the  jet  issuing  from 
the  pan  has  a  clear,  translucid  appear- 
ance. The  effect  may  be  noticed  also 
from  the  aspect  of  the  breaking  surfaces 
of  iron  treated  with  thermite  ;  in  fact,  the 
grains  of  the  iron  are  much  finer,  its 
structure  is  rather  dense,  and  the  iron 
has  a  remarkable  polishing  capacity,  any 
disturbing  graphite  films  becoming  so 
small  as  not  to  be  noticed  by  the  naked 
eye.  In  the  case  of  the  amount  of  ther- 
mite being  sufficient,  the  increase  in  tem- 
perature produced  by  the  reaction  is  ma- 
terially higher  than  a  simultaneous  un- 
avoidable loss  by  heat  radiation  ;  this  in- 
crease, as  well  as  the  reduction  of  the 
ferro-oxides  dissolved  in  the  bath,  will 
materially  augment  the  liquidity  of  the 
molten  metal.  Finally,  the  cast  iron  will 
receive  a  certain  addition  of  titanium 
from  the  reaction. 

Mr.  Mathesius  does  not  think  it  safe 
to  state  whether  the  addition  of  titanium 
or  the  mechanical  effect  of  the  reaction 
is  mainly  operative  in  freeing  the  cast 
iron  from  the  gases  dissolved.  It  is, 
however.,  a  fact  that  the  castings  are 
freed  from  any  gas  they    may    contain. 


nitrogen  it  contains  ;  while  the  oxygen 
is  made  to  form  a  compound  with  iron, 
which  is  dissolved  in  the  liquid  metal 
without  necessitating  any  further  reac- 
tion. This  accounts  for  the  perfect  ab- 
sence of  pores  in  cast  iron  treated  with 
thermite.  The  effect  of  thermite  on 
larger  steel  castings,  in  preventing  the 
formation  of  flaws,  is  quite  analogous. 
The  thermite  used  to  this  effect  is  a  spe- 
cial kind  known  as  "flaw-thermite," 
which  is  made  to  act  only  during  the 
casting  process. 

In  the  steel-  foundry,  the  formation  of 
flaws  underneath  the  rising  funnel  is 
known  to  be  a  serious  drawback.  The 
steel  rising  from  the  interior  of  the  cast- 
ing into  the  rising  funnels  had  to  traverse 
the  whole  of  the  mould,  giving  off  on  its 
way  a  large  portion  of  its  own  heat  to 
the  colder  walls  of  the  mould.  Even  in 
the  case  of  the  cross-section  of  the  fun- 
nel being  very  great,  the  steel  filling  the 
latter  would  therefore  in  many  cases  be 
solidified  more  rapidly  than  the  steel  in 
the  interior  of  the  casting,  thus  prevent- 
ing any  metal  from  the  funnel  returning 
to  the  interior  of  the  steel  casting  to  fill 
up  any  hollow  formed  during  the  solidi- 
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fication.  This  would  result  in  (laws  be- 
ing formed  in  mosl  cases  immediately 
beneath  the  rising  funnel. 

Instead  of  the  thermite  welding  process 
used  in  many  foundries  to  fill  up  these 
flaws,  .Mr.  Mathesius  thinks  it  is  much 
more  practicable  so  to  control  the  solidify- 
ing- process  of  steel  castings  by  the  use  of 
thermite,  as  to  prevent  the  formation  of 
flaws.  Fig.  _'  shows  a  simple  way  of 
effecting  this.  (  )n  the  left  of  the  figure, 
is  shown  a  portion  of  a  steel  casting 
mould,  into  the  rising1  funnel  of  which 


place  where  they  are  quite  harmless — 
namely,  in  the  interior  of  the  rising  fun- 
nel. 

Another  use  of  thermite  in  boxes  is 
illustrated  by  Figs.  3.  4.  and  5.  where 
the  manufacture  of  forgings  free  from 
Haws  is  illustrated.  In  Fig.  3  is  repre- 
sented the  cross-section  of  a  forging 
block  made  after  the  ordinary  process. 
As  will  be  seen,  the  flaws  are  developed 
greatly,  reaching  42  per  cent  of  the  depth 
of  the  block.  If  a  box  of  thermite  be 
introduced    into  the   block    (see   Fig.   4) 


Fig.  3.     Ten-Ton  Block  of 

Steel,     Cast    without 

Use    of    Thermite, 

Showing    Serious 

Flaws. 


Fig.  4.      Diagram  to   Illustrate 
Thermite  Process  of  Prevent- 
ing Flaws  in  Castings. 


Fig.  5.     Ten-Ton  Block  of 

Steel. — Flaws  Reduced 

to  Minimum  by  Use  of 

Thermite    in 

Casting. 


a  box  containing  thermite  has  been  fitted 
before  the  casting  process.  The  steel 
rising  from  the  mould  into  the  funnel 
will  traverse  the  central  hole  of  the 
thermite  box.  igniting  the  contents  of 
the  latter.  As  will  be  seen  from  the  mid- 
dle part  of  the  figure,  the  thermite  is 
burned  while  the  steel  fills  up  the  funnel. 
i.  e.,  beneath  the  surface  of  the  liquid 
metal,  thus  driving  the  whole  of  the  con- 
tents to  an  extremely  high  temperature. 
The  steel  in  the  funnel,  therefore,  re- 
mains in  a  liquid  condition  for  a  longer 
period  than  the  one  within  the  casting. 
As  shown  in  the  third  part  of  the  figure 
(c),  any  flaws  will  now  be  formed  at  a 


at  so  late  a  moment  as  to  allow  of  the 
steel  throughout  the  block  passing  to  a 
plastic  condition,  the  thermite  reaction  is 
started  instantaneously,  when  the  mass 
of  the  block  is  again  liquefied  through 
out  :  and,  the  steel  filling  up  any  Haws  al- 
ready formed,  a  funnel  of  different  size, 
opened  upwards,  will  he  formed.  The 
latter  should  be  filled  up  with  liquid  steel 
kepi  read}-  for  the  purpose,  whereupon, 
the  thermite  slag  rising  to  the  surface,  a 
practically  perfectly  dense  block  having 
only  small  flaws  at  most  on  the  upper 
ed^  will  be  formed,  as  shown  in  Fig. 
5.  Steel  blocks  of  enormous  weight  have 
thus  been  manufactured  free  from  flaws. 
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C,  Character  is  the  only  true  culture. 

C.  Good  cheer  is  half  of  good  courage. 

C  Do  something,  and  do  that  something  well. 

C.  When  a  man  has  fame  he  does  not  know  it. 

C,  Success  mixture — Muscle  and  hustle,  brains 
and  method. 


C  Running    in    old    ruts    may   be    more   risky 
than  blazing  new  trails. 


C.  An  angry  word,  like  a  letter  dropped  into 
the  post,  is.  a  difficult  thing  to  recall. 


C.  A  man's  ascent  amongst  the  living  counts 
for  more  than  his  descent  from  the  dead. 


C  The    new    arithmetic Farmer  +  brains, 

knowledge,  strength,  industry,  and  economy  -J- 
wisdom  —  stinginess  —  home  comforts. 


C.  All  the  great  work  in  the  world  is  simply 
doing  the  best  that  is  in  us. 

C  There  is  no  virtue  in  the  one-day  sprint 
that  requires  the  six-day  snooze. 

C,  Me  is  always  a  poor  man  who  knows  no 
more  in  life  than  making  money. 

C  The  first  step  toward  curing  a  crooked 
world  will  be  to  straighten  your  own  glasses. 

C  The  secret  of  all  great  undertakings  is  hard 
work  and  self-reliance.  Given  these  two 
qualities  and  a  residence  in  the  United  States 
of  America,  a  young  man  has  nothing  else 
to  ask  for. 
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Wireless  Teleplh©^^- 

CLSEWHERE  in  this  issue  will  be 
*— '  found  a  description  of  the  various 
wireless  telephone  systems  which  have 
been  proposed,  together  with  a  brief  his- 
tory of  the  general  subject,  by  A.  Fred- 
erick Collins.  The  first  suggestion  of  a 
wireless  system  was  by  A.  G.  Bell  in 
1880.  Professor  Bell  conceived  the  idea 
— after  the  discovery  of  the  variation  in. 
resistance  of  the  selenium  cell  according 
to  the  variation  in  light  thrown  upon  it — 
that  this  principle  might  be  used  to  re- 
produce spoken  words,  and  such  proved 
to  be  the  case.  The  speaking  arc  is  an- 
other very  interesting  experiment  de- 
scribed ;  but,  as  both  of  these  methods  de- 
pend upon  an  uninterrupted  visual  line 
and  more  or  less  accurate  alignment  of 
apparatus,  it  is  hardly  possible  that  they 
can  attain  much  practical  importance  or 
be  operated  over  very  great  distances.  In 
a  recent  article  Mr.  Tesla  states  that 
"within  a  few  years  a  simple  and  in- 
expensive device,  readily  carried  about, 
will  enable  one  to  receive  on  land  or  sea 
the  principal  news,  to  hear  a  speech,  a 
lecture,  a  song,  or  play  of  a  musical  in- 
strument conveyed  from  any  other  region 
of  the  globe."  Aside,  however,  from  this 
prophecy,  wireless  telephony  offers  an  in- 
teresting field  for  research  and  experi- 
ment, although  after  25  years  much  still 
remains  to  be  done  to  place  it  on  a  sound 
commercial  footing. 
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>jr&©  M@?©  osa  thi&  M©s< 


HPECHNICAL  foresight  and  mechan- 
A  ical  skill  have  scored  one  more;  and 
the  vast  New  Jersey  marshes,  home  of 
the  mosquito  and  refuge  of  malaria,  are 
to  hecome  valuahle.  This  has  come 
about  through  the  invention  of  a  machine 
which  makes  binding  twine,  coarse  mat- 
ting, and  other  things,  out  of  marsh 
grass.  On  these  marshes  grow  count- 
less tons  of  this  material,  hitherto  not 
considered  worth  cutting,  but  now  to  be 
wmth  several  dollars  a  ton.  Karl  Wes- 
sel,  a  graduate  of  German  technical 
schools,  and  a  resident  of  St.  Paul,  is  the 
inventor;  and  his  machines  will  be  put 
into  operation  next  summer  in  a  New 
Jersey  factory  capable  of  handling  50,000 
tons.  This  grass  grows  all  up  and  down 
the  Atlantic  coast  from  Xew  Brunswick 
to  Florida,  and  the  machine  makes  it  all 
available  for  use.  At  $4.00  per  ton,  the 
grass  will  make  the  marshes  valuable, 
and  in  many  cases  will  probably  lead  to 
their  being  drained  and  reclaimed.  This 
will  be  good  fortune  for  everybody  but 
the  mosquito,  who  doesn't  seem  to  have 
much  luck  nowadays  anyway.  The 
steady  mowing  of  the  marshes  year  after 
year,  and  the  draining  and  reclaiming  of 
them  which  will  likely  follow,  will  be  one 
more  step  toward  his  extinction. 

tteippipases  ana  Clh\air&a 

AMERICAN  railway  enterprises  in 
**  China  are  in  something  of  a  state  of 
dormancy  pending  the  outcome  of  the 
Japanese-Russian  war.  The  projected 
line  from  Canton  on  the  south  to  Peking 
on  the  north,  a  distance  of  1,400  miles,  is 
probably  the  most  important  railway  en- 
terprise in  the  empire.  The  northern 
half  of  this  line,  from  Peking  to  Han- 
kow, is  being  built  by  a  company,  nomi- 
nally Belgian,  but  actually  understood  to 
be  controlled  by  Frenchmen  and  Rus- 
sians :  and  of  this,  about  500  miles  is 
already  open  for  traffic.  The  southern 
half — Han-kow  to  Canton — is.  or  rather 
was.  under  process  of  construction  by 
an  American  syndicate :  but  Belgians, 
who  again  are  said  to  represent  French- 


men and  Russians,  now  hold  the  great 
majority  of  shares  in  the  American  com- 
pany. 

About  a  year  ago,  after  much  internal 
disagreement,  work  was  stopped  entirely 
on  the  Canton — Han-kow  line,  and  since 
then  there  has  been  much  diplomatic 
negotiation  between  I 'eking,  Washing- 
ton, Brussels,  and  London  as  to  the 
status  of  the  road.  Not  long  ago  it  was 
reported  that  an  arrangement  was  made 
by  which  the  Belgian  shares  would  pass 
back  into  American  hands.  If  this  is 
the  case,  the  road  may  finally  become  an 
American  enterprise  after  all. 

Railroad  enterprises  are  commonly 
looked  upon  as  the  opening  wedges  to 
territorial  ascendancy;  and  if  French- 
men and  Russians,  under  cover  of  the 
Belgian  franchise,  gain  control  of  the 
great  north  and  south  road,  and  Russia 
should  prove  victorious  over  Japan  in 
the  present  struggle,  it  is  not  hard  to 
foresee  a  time  when  France  and  Russia 
will  have  a  great  deal  more  to  say  about 
the  future  of  the  provinces  through 
which  the  road  passes  than  Great  Britain, 
or,  for  that  matter,  the  United  States 
would  like. 

When  the  franchises  were  granted, 
China  had  her  ewes  fully  open  to  the 
situation.  She  thought  that  the  Belgians 
were  acting  in  good  faith  when,  in  1897, 
they  secured  the  right  to  build  the  north- 
ern half  of  the  road  ;  but  she  later  learned 
her  mistake,  and  for  that  reason  she  re- 
fused the  Belgians  the  southern  conces- 
sion. It  appears,  however,  that  through 
the  collusion  of  a  corrupt  official,  Sheng, 
Director-General  of  the  Chinese  Rail- 
ways, the  American  syndicate  was  given 
the  concession,  even  though  much  of  its 
stock  was  already  in  Belgian  bands. 
Americans  were  preferred  by  ("bang 
Chi-Tung  and  other  high  Chinese  offi- 
cials, because  they  seemed  least  apt  of  all 
nationalities  to  enter  upon  a  land-grab- 
bing campaign. 

/^\XF  of  the  most  important  as  well  as 
^^  interesting  problems  confronting  the 
engineer  to-day  is  the  development  of  the 
gas  engine,  especially  types  of  large  size 
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for  power  station  work.     The  economy 
-  and  other  internal-combustion  en- 
gines over  the  steam  engine    has    long 
Ken  appreciated;  but,  until  within  the 

last  four  or  five  years,  little  was  done 
with  gas  engines  of  large  size,  owing  to 
the  difficulty  of  regulation  and  other 
troubles  which  were  considered  inherent 
in  this  type  of  prime  mover. 

A  series  of  tests  were  made  recently 
upon  a  gas  engine  and  a  steam  engine 
in  an  electric  lighting  station,  the  two 
engines  being  of  the  same  capacity  and 
operating  under  exactly  similar  condi- 
tions. The  economy  of  the  gas  engine  in 
this  case  was  very  marked,  being  45  pet- 
cent  greater  than  that  of  the  steam  en- 
gine. 

Among  the  advantages  of  the  gas  en- 
gine are  its  small  coal  consumption ; 
higher  efficiency  at  small  loads;  the  op- 
portunity for  storing  the  gas  when  the 
engine  is  shut  down,  thus  avoiding  all 
thermal  losses  ;  and  the  use  of  the  cooling 
water  for  the  cylinder  for  heating. 

A  somewhat  unique  gas-engine  plant 
is  at  present  being  installed  at  James- 
town, X.  Y.,  the  power  for  which  will 
be  supplied  by  natural  gas.  The  initial 
equipment  consists  of  two  500-H.  P.  en- 
gines of  the  horizontal  single-crank  dou- 
ble-acting type.  This  company  began  ex- 
perimenting with  the  use  of  gas  engines 
three  years  ago ;  and  they  have  operated 
with  sufficient  success  to  warrant  the  ex- 
clusive adoption  of  gas  engines  for  the 
entire  plant.  Several  of  the  largest  en- 
gine builders  in  this  country  are  now 
producing  gas  engines  which  are  guaran- 
teed to  regulate  closely  enough  for  the 
operation  of  alternating-current  machines 
running  in  parallel ;  and  this  is  probably 
the  most  exacting  service,  as  far  as  regu- 
lation is  concerned,  which  any  engine  is 
called  upon  to  perform.  As  an  economy 
of  50  per  cent  is  practicable  by  using  the 
gas  directly  in  the  engine  instead  of  un- 
der the  boilers,  the  field  of  the  gas  engine 
is  a  very  promising  one. 

Siia|p@<=>PIh^s©  Elects8!© 

PHE  efforts  of  electrical  engineers  to 
cover  the  field  of  long-distance  rail- 
ways having  heavy  train  service,  appear, 


from  advances  made  within  the  past  year, 
in  a  fair  way  to  achieve  success,  owing 
to  the  development  of  single-phase  al- 
ternating-current scries  motors.  Up  to 
within  a  comparatively  few  months,  elec- 
tric traction  has  been  dependent  solely 
upon  direct-current  motors,  and  a  stand- 
ard voltage  of  from  500  to  600  is  gen- 
erally considered  as  high  as  safety  will 
permit. 

In  many  cases  interurban  trolley  lines 
cover  distances  of  50  to  100  miles,  and 
even  more;  but  for  these  long  roads  the 
main  power  stations  develop  alternating 
current  at  pressures  reaching  30,000 
volts,  and  these  high-tension  currents 
are  transmitted  over  comparatively  small 
wires  with  very  little  loss  in  pressure  to 
substations  located  at  intervals  along  the 
road.  In  these  substations  the  high- 
tension  alternating  current  is  trans- 
formed to  direct  current  of  about  500 
volts,  which  is  fed  into  the  overhead 
trolley  lines  or  third  rails,  for  use  on 
the  car  motors. 

While  this  method  of  current  distribu- 
tion can  be  profitably  applied  in  the  case 
of  interurban  roads  where  the  cars  are 
small  and  as  a  rule  operate  singly  in- 
stead of  in  trains,  the  first  cost  of  such 
construction  for  a  railroad  operating 
heavy  trains  at  very  infrequent  intervals 
— say  only  three  or  four  a  day — would  be 
prohibitive.  These  substations  must  be 
placed  about  15  miles  apart,  and  they 
contain  the  machinery  which  must  be 
cared  for  by  competent  and  high-priced 
attendants  ;  moreover,  the  amount  of  cur- 
rent required  for  a  heavy  train  would 
necessitate  an  excessive  amount  of  cop- 
per for  distributing  the  direct  current 
from  the  substations.  Thus  the  present 
standard  system  could  never  be  consid- 
ered for  heavy  long-distance  railroad 
work,  merely  on  account  of  its  prohibitive 
first  cost. 

Within  a  year,  however,  two  very  sim- 
ilar systems  of  electric  traction  have  been 
devised,  which  will  entirely  avoid  the 
use  of  direct  current,  and  will  utilize 
alternating  current  both  for  distribution 
along  the  line  and  for  use  on  the  motors 
propelling  the  trains.  While  but  one  al- 
ternating-current road  has  as  yet  been 
put  into  operation,  the  systems  have  been 
sufficiently  tested  in  an  experimental  way 
to  leave  no  doubt  as  to  their  ultimate 
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success;  in  fact,  the  efficiency  of  these 
systems  has  been  proved  to  be  but  little 
inferior  to  that  of  the  standard  direct- 
current  system,  and  the  first  cost  of 
equipping  a  road  with  alternating  current 
is  very  materially  less  than  with  direct 
current.  The  substations  of  the  direct- 
current  road  are  replaced  by  transformer 
stations  in  the  alternating  system  ;  and 
the  latter  contain  no  moving  machinery 
and  do  nut  require  the  presence  of  an 
attendant.  The  trolley  line,  in  the  case 
of  an  alternating-current  system,  may 
carry  almost  any  voltage  desired,  and 
this  can  be  reduced  to  any  safe  working 
pressure  by  means  of  a  transformer  car- 
ried on  the  locomotive. 

The  details  of  the  single-phase  system 
have  not  yet  been  worked  out  for  heavy 
service,  although  a  number  of  interurban 
lines  equipped  with  this  system  are  now 
nearly  completed.  The  two  most  objec- 
tionable features  of  the  direct-current 
system  for  heavy  railroad  work — namely, 
tlie  rotary  converter  substations  and  the 
heavy  copper  conductors,  have  been 
eliminated  in  the  singie-phase  system, 
and  the  application  of  the  latter  to  long- 
distance heavy  railroads  does  not  involve 
any  very  difficult  problems. 


"J 


A  NEW  cotton-picker  has  appeared  in 
^*-  the  South.  The  only  real  cotton- 
picker  in  the  South  has  thus  far  been  the 
dark}-.  lie  has  done  the  work  for  nearly 
two  centuries  with  more  or  less  satis- 
faction and  at  a  varying  expense,  depend- 
ing upon  the  individual  characteristics  of 
a  not  too  reliable  character.  For  years 
a  mechanical  instrument  that  would  take 
the  place  of  the  darky  and  do  his  w<  irk 
with  more  rapidity  and  less  mental  suf- 
fering on  the  part  of  the  overseer,  has 
been  the  dream  of  inventors.     Such  ma- 


chines have  been  reported  as  successful, 
and  when  exhibited  in  Northern  cities 
have  seemed  to  work  to  a  charm.  They 
have  drawn  cotton  from  heaps  on  the 
floor,  and  ripe  cotton  from  bolls  held 
to  them,  with  accuracy  and  dispatch — 
also  money  from  the  pockets  of  would-be 
stockholders.  But  when  taken  to  the 
fields  and  put  to  work,  they  have  always 
been  found  to  have  a  colored  gentleman 
concealed  in  their  wood  pile.  Either  they, 
have  failed  to  gather  the  real  filter  from 
the  plants,  or  else'  they  have  picked  ripe 
cotton  and  green,  leaves,  stems,  and 
near-by  weeds  in  a  wild  and  wasteful  con- 
fusion. In  no  instance  have  they  been 
found  to  be  satisfactory  to  either  the 
cotton  planter  or  the  too  credulous  stock 
subscriber;  and  the  darky  has  stepped 
into  their  wasteful  tracks  and  gone  on 
with  his  hereditary  occupation.  The  new 
machine  is  called  the  Auto  Cotton- 
Picker;  and  its  inventor,  who  also  in- 
vented the  round  cotton  bale,  claims  that 
when  it  is  perfected,  which  has  not  as 
yet  quite  happened,  it  will  divide  the 
cost  of  cotton  picking  by  five.  A  recent 
trial  in  Louisiana  has  attracted  attention 
from  cotton  growers  all  over  the  South. 
The  machine  is  run  by  a  gasoline  en- 
gine, and  five  negro  boys  operate  it.  each 
moving  one  of  its  five  long  arms.  These 
become  automatic  only  when  they  actual- 
ly touch  the  boll.  The  boy  must  see  to 
that,  but  in  the  trial  the  machine  picked 
an  average  of  I2f>  bolls  a  minute.  This 
is  at  the  rate  of  3.000  lbs.  of  ^eed  cotton 
per  day  per  machine.  The  machine 
straddles  one  row.  which  it  picks  clean 
and  also  half  of  a  row  on  each  side. 
Tt  is  not  strictly  an  automatic  machine, 
but  merely  a  labor-saving  device,  and  as 
such  there  is  much  in  its  favor.  Tt  is 
greatly  hoped  that  this  machine  will 
prove  a  success.  If  it  does,  it  will  not 
only  fill  a  long-felt  want,  but  will  stand 
out  as  a  bright  oasis  in  a  dark-  desert  of 
previous  and  unfortunate  failure. 
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Munroe  Tavern,  built  in  1695,  and  still  standing  in  Lexington.  This  house  was  Earl  Percy's  headquarters, 
April  19,  1775.  Also  George  Washington's  headquarters  when  on  his  last  tour  of  New  England,  in  1789.  Earl 
Percy  was  commander  of  the  reinforcements,  who,  with  two  field  pieces,  made  a  start  from  Boston  about  9  A.  M. 
on  the  day  of  the  Battle  of  Lexington,  and  whose  retreat  from  Concord  is  a  matter  of  history. 


Old  Royal  House,  Medford,  Mass.  This  house  was  built  by  Gov.  Usher.  In  1733,  Col.  Royal,  Sr.,  a 
wealthy  colonist,  purchased  and  improved  it.  Sometimes  called  the  "Royal  Tavern."  Many  improvements  were 
made  during  1737  and  1738,  including  an  addition  to  the  house,  and  spacious  slave  quarters  to  accommodate  the  2/ 
slaves  who  were  the  property  of  Col.  Royal.  The  cellar  was  termed  "The  Dungeon."  Nearly  all  the  dignitanes 
who  came  to  the  New  England  colony  were  entertained  here.  At  the  first  report  of  the  Lexington  battle,  Col.  Royal 
fled  to  Halifax ;  and  this  estate,  as  the  property  of  a  Tory,  became  for  a  time  a  possession  of  the  Colonial  Government. 
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Hancock-Clarke  House,  Lexington,  Mass.  Built  in  1693.  The  home  of  two  distinguished  clergymen,  Rev. 
John  Hancock,  second  minister  of  the  town,  and  Rev.  Jonas  Clarke,  his  successor.  In  this  house  were  born  Mr. 
Hancock's  three  sons  and  two  daughters.  The  eldest  son  followed  his  father's  profession,  and  settled  in  Quincy, 
where  his  son  John,  of  Revolutionary  fame,  was  born.  Rev.  Jonas  Clarke  lived  in  this  house  from  1  760  to  the  time  of  his 
death  in  1805.  The  night  before  the  Battle  of  Lexington,  John  Hancock  and  Samuel  Adams,  who  were  in  danger 
of  being  seized  by  Gen.  Gage  if  they  returned  to  Boston,  slept  here,  and  were  roused  by  Paul  Revere  on  his  famous 
midnight  ride. 


Slave  Quarters  of  the  Old  Royal  House, 
last  standing  relic  of  slavery  in  the  Bay  State. 


the  opposite  page.     These  quarters  are  the 
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C.  E.  GRUNSKY.  OF  CALIFORNIA. 

Member  of  the  Isthmian  Canal  Commission. 
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Panama  Canal  Progress 

Work  of  the  Present  Canal  Commission   Outlined  to  Date     Substance  of 

an  Address  by  Commissioner  C.  E.  Grunsky, 

January    11,    1905 


AT  a  meeting  of  the  District  of  Co- 
lumbia members  of  the  American 
Society  of  Civil  Engineers,  held 
at  Washington,  January  11. 
Commissioner  C.  E.  <  irunsky,  of  Cali- 
fornia, a  member  of  the  Isthmian  Canal 
Commission,  read  a  comprehensive  paper 
outlining'  the  work  accomplished  by  the 
present  Canal  Commission  since  the  tak- 
ing" over  by  the  American  Government 
of  the  canal  project. 

Air.  Grunsky  explained  the  enormous 
amount  of  preliminary  work  necessary  in 
such  an  undertaking  before  it  is  possible 
to  consider  beginning  any  work  of  actual 
canal  construction  upon  a  large  scale. 
While  the  last  Canal  Commission,  he 
said,  recommended  the  purchase  of  the 
French  property  on  the  basis  of  the 
demonstrated  feasibility  of  canal  con- 
struction along  certain  stated  lines — at 
an  e>timated  cost  of  $145.000.000 — this 
did  not  relieve  the  present  Commission 
from  considering  ever}"  phase  of  the  en- 
gineering and  construction  questions  over 
the  Panama  route.  While  this  estimate 
was  based  on  an  elevation,  at  the  highest 
point  of  the  canal,  of  some  80  odd  feet 
above  sea-level,  it  was  the  duty  of  the 
Commission  to  proceed  at  once  to  de- 
termine the  relative  merits  of  a  60-foot 
altitude,  and,  if  of  a  60-foot  altitude  plan, 
of  other  heights  also,  and  even  of  a  sea- 
level  construction.  In  other  words,  the 
Commission  has  been  proceeding  on  the 
basis  of  making  the  most  exhaustive  sur- 
veys and  investigations,  regardless  of  the 
preliminary  and  necessarily  hasty  surveys 
of  the  last  American  Canal  Commission, 
or  of  any  work  or  surveys  of  the  French 
engineers — employing  these  data,  bow- 
ever,  of  course,  where  useful. 

"Wliile  some  of  the  estimates  and  figures  of 
the  French  engineers  have  proven  helpful,  it 
must  be  remembered,"  said  Mr.  Grunsky,  "that, 


whereas  the  French  Company  contemplated  a 
canal  100  feet  wide  on  the  bottom,  allowing 
tor  the  passage  of  vessels  of  29  feet  draft,  ami 
constructed  with  a  view  to  producing  revenue 
to  the  stockholders  a-  a  private  investment, 
the  American  program  has  no  investment 
nature  in  the  sense  of  a  revenue  to  be  paid 
stockholders.  The  canal,  moreover,  is  to  be 
150  feet  wide  on  the  bottom,  with  a  depth 
of  35  feet  of  water.  It  is  evident,  therefore, 
that  all  our  work — preliminary  investigations, 
surveys,  and  actual  construction — is  that  of  a 
new  project." 

Air.  Grunsky's  history  of  the  work  of 
the  Commission  was  in  effect  a  vigorous 
reply  to  the  public  newspaper  criticism  of 
the  inactivity  of  the  Panama  Canal  Com- 
mission. In  the  preliminary  work  of 
house  building  and  hospital  building  for 
the  vast  army  of  workers  who  are  to 
come  in  ;  in  the  organization  of  sanitation 
methods,  hospital  forces,  etc. — work 
necessary  in  any  event,  whatever  engi- 
neering decision  may  be  reached  as  to  the 
method  or  route  of  canal  construction — 
much  progress,  be  said,  had  been  made, 
and  things  were  fast  assuming  satis- 
factory conditions. 

Combating  the  general  idea  that  the 
Isthmus  is  a  plague-stricken  terra  in- 
cognita,  where  the  stranger  or  visitor  is 
likely  to  be  stricken  down  at  any  moment 
by  something  vague  and  terrible,  he 
knows  not  what.  Mr.  Grunsky  said  that 
the  conditions  were  no  different  from, 
and  no  worse  than,  those  prevailing  in 
other  parts  of  the  world  where  the  ge<  >g- 
raphy  and  climate  were  similar.  He  be- 
lieved that  the  conditions  of  sanita- 
tion and  health  would  be  worked  out  en- 
tirely satisfactorily.  On  this  work  of 
sanitation  alone,  the  first  year  would  see 
about  a  million  dollars  expended,  with 
a  subsequent  annual  expenditure,  after 
the  system  is  inaugurated,  of  probably 
$800,000. 
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New  Type  of  "L"  Car 

The  "Easy  Access"  Car,  a  Recent  Contribution  to  the  Rapid-Transit 

Problem— Successfully  Operated  by  the  Boston 

Elevated  Railway 


By  WINTHROP  PACKARD 


THERE  has  been  put  into  opera- 
tion this  fall  on  the  Boston  Ele- 
vated Railway  a  new  type  of  car 
which  is  expected  to  do  much 
in  promoting  rapid  transit.  It  is 
nothing-  more  nor  less  than  a  car  w  ith- 
out  a  platform,  the  doors  for  entrance 
being  set  in  the  side  of  the  body  at  the 
very  ends,  instead  of  in  the  ends  them- 
selves, ami  being  opened  and  closed  by 
compressed    air.      A    somewhat    similar 


ever,  from  the  crowding  about  the  car 
platforms,  and  from  the  swinging  iron 
gates  that  enclosed  them,  which  easily 
became  blocked  so  that  it  was  impossible 
to  move  them  one  way  or  the  other  until 
passengers  could  be  made  to  step  aside. 
Absolute  safety  requires  that  these  gates 
shall  be  shut  before  the  signal  to  start 
is  given,  and  the  consequent  delay  in  rush 
hours  is  considerable. 

To  the  delay  caused  by  opening  and 


EASY  ACCESS  CAR.— THE  CAR  WITHOUT  A  PLATFORM. 

A  new  type  of  car  in  use  on  the  Boston  Elevated  Railway.— The  space  ordinarily  occupied  by  a  platform  at  each  end,  is 

here  entirely  within  the  body  of  the  car,  giving  direct  access  in  and  out.    The  substitution  of  sliding 

doors  opening  directly  into  the  car.  for  swinging  iron  gates  enclosing  an  outside 

platform,  does  much  to  quicken  the  movement  of  passengers. 


coach  has  been  adopted  for  use  in  the 
new  subway  in  Xew  York;  but  there,  the 
doors  are  moved  back  and  forth  by  the 
sheer  muscular  strength  of  the  trainmen, 
who  control  them  by  levers,  with  the  re- 
sult that  complaints  have  already  been 
made  that  they  do  not  work  satisfactorily. 
The  greatest  difficulty  in  getting  rapid 
transit  is,  of  course,  in  loading  and  un- 
loading trains  quickly  and  safely.  Some 
relief  was  found  in  the  Boston  system  by 
adopting  at  the  start  a  car  with  a  side 
door,  through  which  passengers  could 
leave  while  others  were  entering  by  the 
end  doors.    There  was  still  trouble,  how- 
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closing  the  platform  gates,  was  added 
that  which  came  from  the  necessity  of  all 
passengers  who  entered  a  car  passing 
through  a  rather  narrow  doorway  after 
they  had  once  stepped  onto  the  car  plat- 
form, and  being  obliged  to  turn  a  right 
angle  in  order  to  do  it.  In  casting  about 
for  means  to  quicken  its  service,  the  Bos- 
ton Elevated  Railroad  Company  devised 
a  coach  built  out  at  either  end  so  as  to 
add  to  its  inside  capacity  the  space  for- 
merly sacrificed  to  the  platforms. 

This  new  type,  called  the  "easy  access" 
car,  looks  not  very  different  from  the  old- 
type   car  when   the  vestibule   is  closed. 
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The  sliding  doors  at  either  end  of  the 
sides  simply  open  directly  into  the  seating 
and  standing  space;  and  the  rush-hour 
crowd  has  the  whole  width  of  the  aisle 
in  which  to  turn  and  distribute  itself. 
There  is  a  very  narrow  door  in  the  mid- 
dle of  each  end  ;  but  this  is  used  only  f<  >r 
trainmen,  who  stand  on  a  narrow  ledge 
outside  and  operate  the  mechanism  which 
opens  and  closes  the  entrances.  The  side 
door,  opened  by  a  station  platform  man, 
is  still  used  for  an  exit,  as  heretofore. 

A  number  of  objections  to  the  opera- 
tion of  these  sliding  doors  by  mechanical 
levers,  at  once  suggested  themselves  :  and 
the  Elevated  management,  in  its  own 
shops,  worked  out  a  scheme  of  attach- 
ing a  rod  from  an  air-cylinder  to  the  back 
of  the  door-frame  inside  the  car  siding, 
so  that  it  would  push  in  one  direction 
and  pull  in  the  other,  the  compressed  air 
to  work  the  device  being  supplied  from 
the  storage  tanks  of  the  air-brake  sys- 
tem. Although  the  pneumatic  pressure 
is.  in  itself,  enough  to  keep  the  door 
closed,  an  automatic  lock,  which  the 
trainman  releases  by  the  pressure  of  his 
foot  on  a  special  lever,  has  been  put  on 
for  additional  protection.  On  the  outer 
edge  of  the  door,  where  it  comes  against 
the  framing,  there  is  a  rubber  cushion 
which  not  only  breaks  the  force  of  con- 
tact, so  that,  if  a  person's  hand  should 
be  caught  between  the  edges,  no  injury 
would  result,  but  overcomes  the  danger 
of  a  passenger's  skirt  or  coat  getting 
locked  in  at  the  risk  of  his  being  drag- 
ged by  a  train — for  the  slightest  exertion 
will  draw  the  garment  through  without 
the  slightest  risk  of  damaging  it. 

The  Boston  Elevated  now  has  sixteen 
cars  of  this  type  in  operation,  running 
them  in  four  trains  of  four  cars  each. 
The  saving  in  time  they  accomplish,  par- 
ticularly at  the  large  transfer  stations  and 


End  of  "Easy  Access"  Car. 

The  entrance  doors  of  the  Boston  Elevated's  new  t3-peof  car 
are  in  the  end  of  either  side,  giving  immediate  access  to 
the  sitting  and  standing  space  within,  and  allowing  a 
broad  aisle  for  the  distribution  of  the  crowd.    A 
rubber  cushion  on  the  outer  edge  of  the  door  pro- 
tects passengers  against  any  possible  danger 
of  injury.    The  mechanism  controlling  the 
pneumatic  power  by  which  the  door  is 
moved   is  on   a   narrow   ledge   out- 
side the  end  of  the  car.  on  which 
the    trainman    stands. 


in  the  crowded  aisles,  is  very  appreciable, 
and  may  make  it  possible,  eventually,  to 
add  at  least  one  more  train  to  the 
service. 


Running  a  Generator  or  Motor 

Rules  of  Practical  Value  to  Operators  for  Preserving  Mechanical  Efficiency 

and  Preventing  Accidents 


By  F.  B.  CROCKER,  E.  M..  Ph.  D. 

Head  of  Department  of  Electrical  Engineering,  Columbia  University 


AFTER  any  one  of  these  machines 
has     been     properly     started,     it 
usually    requires    little    attention 
while   running;    in    fact,   gener- 
ators  or   motors    frequently   operate   all 
day  without  any  care  whatever. 

Starting  and  Oiling 

In  the  case  of  a  machine,  however, 
that  has  not  been  run  before,  or.  has 
been  changed  in  any  way,  it  is  wise  to 
watch  it  closely  at  first.  It  is  also  well 
to  give  the  bearings  of  a  new  machine 
plenty  of  oil  at  first,  but  not  enough  to 
run  on  the  armature,  commutator,  or  any 
part  that  would  be  injured  by  it;  and  to 
run  the  belt  (if  used)  rather  slack  until 
the  bearings  and  belt  are  in  easy  working 
C<  mdition. 

If  possible,  a  new  machine  should  be 
rim  without  load  or  with  a  light  one  for 
an  hour  or  two,  or  longer  in  the  case  of 
a  large  machine.  It  is  bad  practice 
to  start  a  new  machine  with  its 
full  load  or  a  large  fraction  of  it. 
This  is  true  even  if  the  machine  has  been 
fully  tested  by  its  manufacturer  and  is  in 
perfect  condition,  because  there  may  be 
some  fault  in  setting  it  up  or  some  other 
circumstance  that  would  cause  trouble. 
All  machinery  requires  some  adjustment 
and  care  for  a  certain  time  to  get  it  into 
smooth  working  order.  When  this  con- 
dition is  reached  the  only  attention  re- 
quired is  to  supply  oil  when  needed,  keep 
the  machine  clean,  and  see  that  it  is  not 
overloaded. 

Regulation  of  Voltage 

A  generator  requires  that  its  voltage  or 
current  should  be  observed  and  regulated 
if  it  varies.  The  attendant  should  always 
be  ready  and  sure  to  detect  the  beginning 
of  any  trouble,  such  as  sparking,  heating, 
noise,  abnormally  high  or  low  speed,  etc., 
before  any  injury  is  caused,  and  to  over- 
come it.  Such  directions  should  be  pretty 
thoroughly    committed     to     memory,    in 
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order  promptly  to  detect  and  remedy  any 
trouble  when  it  occurs  suddenly,  as  is 
usually  the  case.  If  possible,  the  ma- 
chine should  be  shut  down  instantly  when 
any  indication  of  trouble  appears,  in  or- 
der to  avoid  injury  and  give  time  for 
examination. 

Keep  all  tools  or  pieces  of  iron  or  steel 
away  from  the  machine  while  it  is  in  op- 
eration, as  they  might  be  drawn  in  by  the 
magnetism,  perhaps  getting  between  the 
armature  and  pole  pieces  and  ruining  the 
machine.  For  this  reason  use  a  zinc, 
brass,  or  copper  oil-can  instead  of  one 
of  iron  or  "tin"   (tinned  iron). 

Particular  attention  and  care  should  be 
given  to  the  commutator  and  brushes,  to 
see  that  the  former  keeps  perfectly 
smooth  and  that  the  latter  are  in  proper 
adjustment. 

Xever  lift  a  brush  while  the  machine  is 
in  service  unless  there  are  one  or 
more  other  brushes  on  the  same  side 
to  carry  the  current,  as  the  spark  might 
make  a  bad  burnt  spot  on  the  commu- 
tator, or  might  burn  the  hand. 

Touch  the  bearings  and  field  coils  oc- 
casionally to  see  whether  or  not  they  are 
hot.  To  determine  whether  the  arma- 
ture is  running  hot,  place  the  hand  in 
the  current  of  air  thrown  out  from  it  by 
centrifugal  force. 

Special  care  should  be  observed  by 
anyone  who  runs  a  generator  or  motor, 
to  az'oid  overloading  it,  because  this  is 
the  cause  of  most  of  the  troubles  which 
occur. 

Personal  Safety 

Xever  allow  the  body  to  form  part  of  a 
circuit.  While  handling  a  conductor,  a 
second  contact  may  be  made  accidentally 
through  the  feet,  hands,  knees,  or  other 
parts  of  the  body,  in  some  peculiar  and 
unexpected  manner.  For  example,  men 
have  been  killed  because  they  touched  a 
"live"  wire  while  standing  or  sitting  upon 
a  conducting  body. 
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Rubber  gloves    or    rubber    shoes,    or 

botb,  should  be  used  in  handling  circuits 
of  over  500  volts,and  these  should  be  sub- 
jected to  tests  at  frequent  intervals,  so  as 
to  determine  their  condition.  The  safest 
plan  is  not  to  touch  any  conductor  while 
the  current  is  on  ;  and  it  should  be  re- 
membered that  the  current  may  be  pres- 
ent when  not  expected,  owing  to  an  ac- 
cidental contact  with  some  other  wire  or 
to  a  change  of  connections.     Tools  with 
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Diagram  Showing  Connections  for  Motor  Starter. 

insulated  handles,  or  a  dry  stick  of  wood, 
should  be  used  instead  of  the  bare  hand. 

The  rule  to  use  only  one  hand  when 
handling  dangerous  electrical  conductors 
or  apparatus,  is  a  very  g<  tod  one,  because 
it  avoids  the  chance,  which  is  very  great, 
of  making  contacts  with  both  hands  and 
getting  the  current  through  the  body. 
This  rule  is  often  made  still  more  definite 
by  saying,  "Keep  one  hand  in  your 
pocket,"  in  order  to  make  sure  not  to  use 
it.  The  above  precautions  are  often 
totally  disregarded,  particularly  by  those 
who  have  become  careless  through  fa- 
miliarity with  dangerous  currents.  The 
result  has  been  that  almost  all  persons 
accidentally  killed  by  dynamic  electricity 
hare  been  experienced  linemen  or  station 
men. 

Stopping 

This  is  accomplished  by  following 
substantially  the  same  directions  as  for 
starting,  but  in  the  reverse  order. 

A  generator  operating  alone  on  a  cir- 
cuit can  be  slowed  down    and    stopped 


without  touching  the  switches,  brushes, 
etc.,  in  which  case  the  current  gradually 
decreases  to  zero;  and  then  the  connec- 
tions can  be  opened  without  sparking  or 
any  other  difficulty. 

However,  when  a  generator  is  operat- 
ing in  parallel  with  others,  or  with  a 
storage  battery,  it  must  not  be  stopped  or 
reduced  in  speed,  until  it  is  entirely  dis- 
connected from  the  system;  otherwise  it 
will  act  as  a  short  circuit.  Furthermore, 
the  current  generated  by  it  should  be  re- 
duced nearly  to  zero  before  its  switch  is 
opened.  This  is  accomplished  by  adjust- 
ing the  field  rheostat  of  the  machine  to 
be  cut  out,  great  care  being  taken  that  the 
change  is  gradual.  Tf  the  reduction  be 
rapid,  the  voltage  of  the  machine  may 
drop  so  low  as  to  cause  a  back  current 
to  flow. 

A  constant-current  generator  may  be 
cut  into  or  out  of  circuit  in  series  with 
others,  and  can  be  slowed  down  or 
stopped,  or  its  armature  or  field  coils 
may  be  short-circuited  to  prevent  the 
action  of  the  machine,  without  discon- 
necting it  from  the  circuit.  //  is  abso- 
lutely necessary,  however,  to  preserve 
the  continuity  of  the  circuit,  and  not  to 
attempt  to  open  it  at  any  point,  as  this 
would  produce  a  dangerous  arc.  Hence 
a  by-path  must  be  provided  by  closing 
the  main  circuit  around  the  generator, 
before  disconnecting  it.  This  same  rule 
applies  to  any  lamp,  motor,  or  other  de- 
vice on  a  constant-current  system. 

Never,  except  in  an  emergency,  should 
any  circuit  be  opened  when  heavily 
loaded,  for  the  reason  that  the  flash  at 
the  contact  points,  discharge  of  mag- 
netism, and  mechanical  shock  which  re- 
sult, are  decidedly  objectionable. 

A  constant-potential  motor  is  stopped 
by  turning  the  starting-box  handle  hack- 
to  the  position  it  had  before  starting 
(  see  accompanying  diagram  )  ;  or,  if  there 
is  a  switch  (Q)  connecting  the  motor  to 
the  circuit,  as  there  always  should  be,  it 
should  be  opened,  after  which  the  start- 
ing-box handle  is  moved  back  to  be  ready 
for  starting  again. 

Immediately  after  a  machine  is  stop- 
ped, it  should  be  thoroughly  cleaned,  and 
put  in  condition  for  the  next  run.  When 
not  in  use,  machines  should,  when  feas- 
ible, be  protected  from  dirt  and  moisture 
by  covers  of  some  waterproof  material. 


NESTLING  IN  A  MOUNTAIN  VALLEY. 
Orange  grove  and  cement  irrigation  canal,  Riverside,  California. 


Western  Irrigation 


An   Outline  of  the  Work  of  the  Reclamation  Bureau  Organized  Under  the 

National  Irrigation  Law — Address  Delivered  Before  the  Members 

of  the  American  Society  of  Civil   Engineers  in 

Washington,    D.   C. 


By  FREDERICK  H.  NEWELL 

Chief  Engineer,  U.  S.  Reclamation  Service 


IN  a  brief  address  before  the  ^Wash- 
ington members  of  the  American 
Society  of  Civil  Engineers  at  an  in- 
formal meeting,  January  10,  1905, 
Chief  Engineer  Frederick  H.  Newell 
of  the  Reclamation  Service  —  the 
bureau  which  is  carrying  out  the 
provisions  of  the  National  Irrigation  Law 
— outlined  the  organization  of  his  de- 
partment, and  the  remarkable  rapidity 
with  which  a  large  bureau  has  been 
formed  and  some  300  engineers  brought 
into  close  working  relation  since  the  pas- 
sage of  the  Irrigation  Law,  June  27, 
1902. 

Work  under  Way 
"The  work  of  the  Reclamation  Service."  said 
Mr.   Newell,   "is  heing  carried  on   in  thirteen 
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States  and  three  Territories  in  the  West.  We 
have  now  a  fund  available  for  construction, 
of  about  $25,000,000.  This  fund  is  both  au- 
tomatic and  revolving.  Without  further  act 
of  Congress,  all  moneys  received  from  the 
sales  of  Western  public  lands  are  covered  into 
it,  to  be  expended  for  irrigation  works.  At 
the  same  time  the  law  provides  that,  when 
the  works  are  constructed,  their  cost  shall 
be  apportioned  among  the  lands  irrigated  by 
them,  and  this  cost  paid  back  by  the  settlers 
who  take  the  land.  These  payments  are  re- 
turned to  the  Reclamation  fund,  to  be  used 
over  again  for  future  dam  and  ditch  building. 
The  present  annual  increase  to  the  fund  from 
land  sales  is  about  $3,000,000;  but  with  this 
revolving  feature,  our  present  amount  means 
much  more  than  its  mere  face  value. 

"Under  this  work  we  have  made  good  prog- 
ress on  a  number  of  Western  projects.  In 
Nevada,  we  have  spent  some  million  dollars 
in  constructing  a   large   ditch,   and  expect   to 
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water  about  roo.ooo  acres  next  year.  In  Ari- 
zona, we  are  constructing  a  great  dam  on 
the  Salt  river,  which  will  he  one  of  the  highest 
in  the  world  and  will  create  an  immense  in- 
land lake  supplying  water  for  some  200,000 
acres  around  Phoenix.  In  New  Mexico,  we 
have    constructed    an    earth    dam    which    will 


sents  some  of  the  most   remarkable  irrij 

features  we  have  encountered,  and  under 
which  possibly  300,000  acres  can  eventually 
be  reclaimed.  Oregon  also  has  a  promising 
project  at  Malheur;  and  Washington,  one  in 
which  the  preliminary  work  is  well  under 
way  in  the  Palouse  country.     In  Montana,  we 
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water  a  fertile  tract  near  Roswell.  In  Cali- 
fornia, our  engineers  have  been  working  upon 
several  projects — one  on  the  lower  Colorado, 
known  as  the  Yuma  project,  which  has  just 
been  approved  by  the  Secretary  of  the  Interior 
and  $3,000,000  set  aside  for  the  work.  An- 
other project  is  an  interstate  California-Oregon 
reclamation — the  Klamath  project — which  pre- 


several  great  projects,  on  the  Milk  river, 
the  Sun  river,  and  the  Yellowstone,  the  lat- 
ter including  land  in  North  Dakota.  In  Idaho, 
on  the  Snake  river  at  Minadoka,  a  magnificent 
Storage  project  is  being  worked  out.  In  Wyo- 
ming, on  the  Shoshone  river,  while  we  have 
what  appears  to  the  eye  an  ideal  dam  site,  a  nar- 
row cut  between  giant  and  almost  perpendicular 
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MODESTO  CANAL,   CALIFORNIA. 

The  surging  irrigation  flood  which  thrills  the  heart  of  every  Westerner,  and  conjures  up  a  picture  ot  green  alfalfa 

fields,  laden  fruit  orchards,  and  prosperous  homes. 


granite  cliffs,  yet  the  engineering  difficulties 
have  proven  great — we  have  had  to  drill  80  feet 
for  bed  rock — and  the  actual  conditions  as 
we  find  them  entirely  overturn  our  estimates 
made   from   preliminary   surveys.     This    Wyo- 
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Government  Dam  Site,  Shoshone  River,  Wyoming. 
To  store  3  000  acre-feet  of  flood  water— sufficient  to  irri- 
gate 150.01  0  rich  acres  two  feet  deep.    Height  of  dam 
to  be  210  feet.— Walls   of  Box   Canyon,   r00  feet 
high. — Diamond  drills  bored  80  feet  below  river 
bed  before  striking  solid  foundation  rock. 


ming  project  is  a  good  example  of  the  im- 
possibility of  accurately  judging  the  cost  of 
any  great  irrigation  project,  even  after  the 
most  careful  surveys.  However,  in  this  case 
the  final  outcome  will  be  a  full  compensation 
for  the  work  in  overcoming  difficulties.  In 
Colorado,  one  of  the  most  interesting  en- 
gineering constructions  in  the  country  is  be- 
ing worked  out  in  the  Gunnison  valley.  Here 
the  longest  tunnel  in  the  United  States,  some 
twelve  feet  in  the  clear,  is  being  carried  through 
the  mountain  to  lead  the  dammed  waters  of 
the  Gunnison  out  of  their  deep  gorge  onto 
the  fertile  lands  of  the  Uncompahgre  valley, 
the  other  side  of  the  divide. 

"These  are  the  principal  projects,  each  one 
in  charge  of  a  supervising  engineer.  In  ad- 
dition we  are  investigating  some  dozens  of 
others,  many  of  which  will  doubtless  prove 
as  feasible  and  attractive  as  any  which  we  have 
so  far  selected. 

Boards  of  Consulting  Engineers 

"The  Reclamation  Service  depends  largely 
upon  its  Boards  of  Consulting  Engineers,  who, 
after  detailed  surveys  have  been  made  and  the 
plans  worked  out  on  any  particular  project 
by  the  supervising  engineer  in  charge,  inspect 
the  ground  and  pass  upon  the  plans ;  and.  as 
the  work  of  construction  progresses,  these 
Boards  visit  the  project  from  time  to  time, 
and  are  consulted  upon  any  of  the  new  phases 
which  may  arise. 

"We  have  been  trying  to  get  together  a  body 
of  engineers,  largely  composed  of  young  men, 
who  will  combine  enthusiasm  with  loyalty  to 
the  work  and  the  Service.  Unlike  most  other 
engineering  works — the  river  and  harbor  work 
for  instance — we  have  to  consider  additional 
questions  besides  those  of  engineering.  We 
not  only  have  to  look  out  for  good  construc- 
tion work,  but.  since  the  money  expended  must 
be  returned  to  the  Government,  complicated 
questions  arise — the  selection  of  projects  where 
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the  cost  will  not  be  excessive,  thus  insuring 
settlement ;  the  selection  of  good,  tillable  lands 
which  have  unfailing  water  supplies;  the  or- 
ganization of  water  users'  associations,  and 
many  detailed  questions  which  confront  us  in 
most  of  the  cases  where  the  Government  pro- 
poses to  irrigate  not  only  public  lands  but 
some  lands  which  have  already  been  taken  up 
under  the  various  land  laws  and  are  now  in 
private  ownership.  Every  acre  redeemed  must 
pay  its  proportionate  share  of  the  cost  of  the 
works,  and  we  must  be  sure  that  all  the  land 
irrigated  will  be  colonized  so  that  the  Gov- 
ernment will  get  its  money  back  from  each 
project. 

Avoids  Mistakes  of  Bureaucracy 

"In  the  organization  of  this  corps  of  en- 
gineers our  policy  is  to  keep  the  Washington 
or  headquarters  part  of  the  work  in  close  touch 
with   the   held   work.     We  are  having  now   a 


ten  day-'  conference  of  our  principal  engi 
where  ideas  are  being  exchanged,  obstacles  and 
difficulties  discussed,  and  ch  engineer 

is  brought   into  close   relations   with  the  work 
of  other  engineers,  with  the  administral 
the  office,  and  with  the  conditions  here  in  Con 
A I    the    same    time    our    men    stationed 
i    Washington  must  go  out  into  the  field 
and  keep  closely   informed  of  the  progi 
the  construction  work.    We  arrange  our  sched- 
ules   so    as    to    allow    each    man    to    work    ap- 
proximately half  his  time  in  the  field  and  half 

"I  believe  that  the  best  results  cannot  be 
obtained  in  any  branch  of  the  Government 
where  it  is  attempted  to  supervise  field  work 
from  headquarters  situated  at  a  great  distance 
from  the  operations,  and  through  men  who 
by  long  absence  from  the  projects  must  neces- 
sarily lose  touch  with  the  constantly  changing 
ci  mdil 


Watering  the  Desert 

A  Short  History  of  the  500-Mile  Pipe  System  Supplying  Water  to  the 
Coolgardie  Gold  Fields  and  District  in  Australia 


By  L.  H.  ROBERTS 


THE  Coolgardie  gold  fields  lie 
some  363  miles  inland  in  a  direct 
line  from  the  port  of  Fremantle 
on  the  west  coast  of  Australia. 
The  region  is  to  all  intents  and  purposes 
waterless,  there  heing  in  the  old  days 
only  a  few  "soaks"  and  native  wells  avail- 
able for  a  supply  of  water. 

In  tin:  year  [892,  the  first  discovery  of 
gold  in  paying  quantities  was  made  near 
the  site  of' the  present  town  of  Coolgar- 
die.    When  the  great  rush  following  this 
discovery  set  in.  the  want 
of    water    caused    inde- 
scribable   suffering    and 
loss  of  life.     The  Gov- 
ernment did  all  that  was 
possihle  to  minimize  this 
suffering  and  loss  due  to 
the  shortness  in  the  sup- 
pi)    of  water.     When   it 
is'  stated    that    inferior 
water,  hardly  fit  for  hu- 
man   consumption,    was 
worth    sixty    cents    per 
gallon,   and   very   scarce 
even  at  that  price,  some 
idea  of  the  condition  of 


affairs  may  be  conveyed  to  the  reader.  As 
the  mines  developed,  salt  water  was 
found,  which  was  distilled  and  sold 
at  about  $17.00  per  thousand  gallons. 
The  cost  of  water  to  the  railroad  com- 
pany wa>  $5,000  per  day  during  the  sum- 
mer. By  the  use  of  the  distilled  water, 
some  sort  of  provision  was  made,  but  the 
water  supply  still  remained  a  point  oi 
critical  danger  in  connection  with  the 
fields.  An  attempt  was  made  to  obtain 
water  by  boring,  but,  after  going  down 


Helena  Weir. 
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3,000  feet  through  granite,  the  attempt 
•.  as  given  up. 

At  the  end  of  [895,  it  was  publicly  an- 
nounced that  the  Government  intended  to 
carry  out  a  scheme  for  supplying  fresh 
water  to  the  gold  fields  by  means  of 
pumping  fr^m  the  coast.  After  months 
of  work  and  inquiry,  the  engineer-in- 
chief  reported  in  favor  of  a  scheme  which 


reservoir  or  lake  thus  formed  is  eight 
miles  long,  and  contains,  when  full, 
4,600,000,000  gallons  of  water.  Suitable 
valve  towers,  shown  in  the  accompanying 
illustration,  are  provided,  to  regulate  the 
flow  to  the  first  pumping  station.  In 
brief,  the  problem  was  to  pump  5.600,000 
gallons  every  24  hours  against  a  total  es- 
timated    head     (including     friction)     of 


PUMPING  STATION  No.  5. 


consisted  in  the  building  of  a  reservoir  on 
the  Helena  river  about  twenty  miles  from 
Perth,  the  water  to  be  then  pumped 
through  a  main  to  Coolgardie.  It  was 
estimated  that  5.600.000  gallons  per  day 
would  be  required,  and  the  cost  was  set 
down  at  $  1  j.i 50.000. 

Work  to  Be  Done 

The  final  plans  embodied  a  main  sup- 
ply reservoir  situated  in  the  Darling 
range  about  thirty  miles  from  Perth,  320 
feet  above  sea-level,  where  two  great 
arms  of  granite  jut  out  across  the  nar- 
row valley  at  the  bottom  of  which  flows 
the  Helena  river.  A  gigantic  dam  of 
concrete  was  placed  like  a  huge  wedge 
between  these  two  granite  arms,  thus 
closing  up  one  end  of  the  valley.  This 
dam  is  760  feet  long,  and  100  feet  high  in 
the  deepest  part,  the  foundations  in  addi- 
tion, being  carried  down  nearly  100  feet 
below  the  level  of  the  river.  At  the  base 
of  the  foundations,  the  thickness  of  the 
dam  varies  from  85  to  120  feet,  tapering 
to  a  width  of  15  feet  on  the  top.  About 
69,000  cubic  yards  of  concrete  was  used 
in  the  construction.  The  surplus  water 
flows  over  the  crest  of  the  dam.     The 


2.700  feet,  through  a  pipe  30  inches  in 
diameter  and,  roughly,  330  miles  in 
length. 

Because  of  the  peculiar  conditions  of 
the  country  and  the  great  distance  to  be 
covered  by  the  line — which  is  nearly  as 
great  as  the  distance  between  New  York 
and  Buffalo,  it  was  found  best  to  provide 
eight  separate  pumping  stations.  In 
each  of  the  Stations  1  to  4.  there  are 
three  complete  sets  of  pumping  ma- 
chinery and  boilers,  any  one  of  which  is 
capable  of  pumping  2,800,000  gallons  per 
day  against  a  head  of  450  feet,  so  that, 
to  get  the  full  quantity  of  water  required, 
two  sets  of  engines  and  pumps  are  always 
pumping  together  into  the  main,  and  one 
set  is  "spare."  In  the  case  of  Stations 
5  to  8  inclusive,  there  are  at  each  station 
two  sets  of  machinery,  each  set  being  ca- 
pable of  pumping  5.600,000  gallons  per 
day  against  a  head  of  225  feet,  so  that 
while  one  set  is  pumping  the  other  set  is 
"spare."  Each  station  is  provided  with 
concrete  tanks  of  1,000,000  gallons'  ca- 
pacity, which  act  as  combined  receiving 
and  suction  tanks.  This  brief  descrip- 
tion of  the  work  to  be  done  clearly  shows 
how  absolutelv  the  financial  success  of 
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the   scheme   depended   on    the   pumping 
machinery. 

Triumph  for  American  Machinery 

It  can  be  safely  stated  that  the  whole 
world  was  in  competition,  as  the  invita- 
tions to  tender  were  not  confined  to  any 
one  country.  After  months  of  careful 
inquiry  on  the  tenders  submitted,  the 
Government  decided  to  accept  the  tender 
of  a  London  firm,  a  special  clause  being 
inserted  in  the  contract,  giving  them  per- 
mission to  have  half  of  the  manufactur- 
ing done  by  the  Worthington  Company. 
The  sizes  and  types  of  engine  selected 
were  as  follows  : 


tiori,  so  that  all  the  water  of  the  main 
passes  through  the  condenser,  and,  as  the 
volume  is  largely  in  excess  of  what  is 
actually  required,  the  temperature  of  the 
water  in  the  main  is  not  raised  to  any  ap- 
preciable extent. 

An  ingenious  arrangement  for  using 
the  jacket  steam  has  been  carried  out. 
As  the  steam  passes  from  the  jackets,  it 
is  taken  and  used  to  drive  the  feed 
pumps,  which  are  of  the  usual  Worthing- 
ton boiler-pressure  type.  These  feed 
pumps  exhaust  into  the  feed-water  heat- 
er. By  this  means  the  feed  water  is  sent 
forward  from  the  heater  to  the  econo- 
mizer at  a  very  high  temperature. 


PIPE  CROSSING  GULLY. 


For  Stations  Nos.  t  to  4  inclusive: — Twelve 
(12)  triple-expansion  high-duty  Worthington 
pumping  engines  of  300  H.  P.,  each  having 
two  16-inch  high-pressure  cylinders,  two  25- 
inch  intermediate-pressure  cylinders,  and  two 
46-inch  low-pressure  cylinders  ;  and  each  hav- 
ing two  15-inch  double-acting  water  plungers, 
all  of  a  common  stroke  of  36  inches. 

For  Stations  Nos.  5  to  8  inclusive: — Fight 
(8)  engines  of  similar  type,  differing  only  in 
the  water  plunger,  which  is  21  inches  in  di- 
ameter. 

Novel  Features 

From  the  sizes  it  will  be  seen  that  the 
only  differene  in  the  engines  is  that 
eight  of  them  have  2  t -inch  water  plung- 
ers, and  twelve  have  15-inch.  All  the 
steam  ends  are  standard  to  one  size:  The 
gain  in  economy  is  at  once  apparent,  as 
this  means  that  all  the  twenty  boilers, with 
their  accessories,  etc..  can  he  made  stand- 
ard, and  the  number  of  spare  parts  re- 
quired to  be  held  in  store  is  greatly  re- 
duced. 

The  condenser  is  placed   in  the  suc- 


The  engine  and  boiler  houses  arc  of 
brick,  and  present  a  very  fine  appearance. 
Suitable  overhead  traveling  cranes  are 
provided,  which  can  be  operated  from  the 
floor  of  the  engine  house. 

Tests 

The  result  of  the  official  trials  illus- 
trates the  high  efficiency  and  reliability  of 
American  machinery.  The  contract 
provided  that  each  of  the  pumping  en- 
gines should  he  capable  of  attaining 
throughout  a  12-hour  trial  a  duty  of  [35,- 
000,000  foot-pounds  of  effective  work  per 
1,000,000  British  thermal  units  supplied 
to  the  engine,  which  would  not  he  re- 
turned to  the  boiler  in  the  ordinary 
course  of  working.  The  Government 
Engineer  selected  the  groups  of  machin- 
ery at  Station  No.  2  and  Station  \To.  8 
for  the  purpose  of  making  the  official 
trials.  At  No.  8  the  trial  showed  a  mar- 
gin of  8,000,000  foot-pounds  of  work  in 
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favor  of  the  engines.  In  addition  to  the 
above  excellent  performance,  the  quan- 
tity of  water  pumped  was  nearly  350,000 
gallons  in  excess  of  contract  require- 
ments. 

A  problem  scarcely  second  in  impor- 
tance to  the  system  itself  was  the  assem- 
bling and  erecting  of  the  plant,  whose 
total  weight  was  3,500  tons.  As  has  al- 
ready been  stated,  there  are  twenty 
groups,  each  consisting  of  engine  and 
boiler,  distributed  over  330  miles  of  conn- 
try.  It  will  be  readily  seen  that  if  mis- 
takes were  made  in  consigning  the  ma- 
chinery to  its  proper  station,  it  would  be 
very  costly  to  rectify  them.  An  ingeni- 
ous system  of  shipping  was  adopted. 
which  worked  perfectly.  Each  group 
was  given  a  distinctive  color  and  letter, 
and  every  part  of  the  group  was  painted 
with  the  distinctive  group  color  to  which 


it  belonged.  When  the  parts  were  cased, 
one  end  of  the  packing  case  was  also 
painted  with  the  correct  group  color.  In 
addition,  the  cases  were  numbered  con- 
secutively,  and  each  marked  with  the 
group  letter.  All  marks  were  in  dupli- 
cate, one  set  being  painted  on  the  case  or 
package,  and  the  other  stamped  on  sheet- 
tin  tabs  which  were  fastened  on  the  cases 
or  packages.  By  these  simple  precau- 
tions all  trouble  was  avoided.  The  rail- 
way, shipping,  and  wharf  men  were  sup- 
plied with  colored  group  key  plans,  and 
S)  1  were  able  to  pick  out  at  once  the  vari- 
ous cases  and  packages  belonging  to  each 
group,  and  to  send  them  on  to  their  cor- 
rect destination.  There  were  some 
5,000  packages,  and  the  only  complaint 
received  from  the  erection  staff  as  to 
missing  material  referred  to  one  j/j-inch 
hydraulic  valve. 


Dinner-Pail  Philosophy 


C.  You  cannot  keep  happiness  to  yourself. 

C.  The  love  that  is  never  wasted  soon  withers. 

C   A    poor  man   does   not  need   to  be   a   poor 
sort   of  man. 

C.  Depreciating  others  will  not  help  the  world 
to  appreciate  you. 

C.   A   man   is  not  firm   in   faith  because  he   is 
fossilized  in  mind. 


C  The    pawnbroker    acts    as    timekeeper    for 
men   who  tight  hard  luck. 


C,  Many  a  man  who  wouldn't  think  of  telling 
a  lie  is  an  adept  at  side-stepping  the  truth. 

C,  The  greatness   of  our  gifts   may  often   de- 
pend on  the  smallness  of  our  resources. 


C,  A  man  may  be  loud  and  yet  not  say  much. 

C  Heavenly  mindedness  is  not  earthly  blind- 
ness. 


C,   Chance  is  one  of  the  most  profane  words 
in  our  language. 


C,   Many  a  man  who  is  willing  to  do  good  is 
unable  to  make  good. 


C.  The  man  who  suspects  everybody  is  surely 
a  suspicious   character. 


C   It    is    unhealthy    and    undesirable    for    the 
cities  to  grow  at  the  expense  of  the  country. 


C,  Shame  is  not  in  the  confession  of  a  mis- 
take, but  lies  only  in  persistent,  wilful  wrong- 
doing. 


HT 1 1 E  automobile  has  been  put  to  a  re- 
A  markable  variety  of  uses  in  the 
United  States,  but  it  is  probably  the  rec- 
ord of  a  physician  in  Ohio  to  use  it  first 
for  leading  horses.  Dr.  C.  R.  Pontius,  of 
the  town  of  Fremont  in  that  State,  owns 
a  touring-  ear,  as  well  as  a  horse  which 
he  has  been  using  for  driving  purposes. 
He  recently  arranged  to  leave  the  animal 
on  a  farm  near  the  town  during  the  win- 
ter season,  and,  after  thinking  the  mat- 
ter over,  decided  the  best  way  to  take  the 
horse  to  his  new  home  was  to  tie  it  be- 
hind the  auto,  so  that  he  would  have  a 
vehicle  which  would  carry  him  back  to 
Fremont  with  its  own  power.  The  ac- 
companying photograph  shows  the  auto- 
mobile leaving  Fremont  with  the  horse 
attached.  At  the  time  the  photograph 
was  taken,  an  electric  car  happened  by ; 
and  the  picture,  accord- 
ingly, shows  three  kinds 
of  motive  power — electric, 
animal,  and  steam — each 
of  which  has  played,  and 
is  destined  still  to  play,  an 
important  part  in  the  evo- 
lution o  f  social  a  n  d 
commercial  life.  We 
have — possibly  through 
some  lack  of  "up-to-date- 
ness," partly  through 
some  love  of  we  know  not 
what — labeled  this  picture 
"The  Irony  of  Fate." 
This,  however,  is  certain 
— that  among  the  "relics" 
of  days  that  are  fast 
drooping  behind  in  the 
march  of  events,  giving 
place  to  the  varied  types 
of  mechanical  locomotive 


power  that  the  necessities  of  our  stren- 
uous modern  life  have  developed,  the 
"faithful  friend  oi  man"  will  long  retain 
supreme  place  in  the  affections  of  those 
who  delight  in  the  charm  and  mystery  of 
the  living  and  the  intelligent. 


[®m& 


A  TURBINE  which  swallows  every 
•**■  minute  a  volume  of  water  equal 
to  a  river  88  feet  wide  and  10  feet  dee]. 
with  a  constant  flow  of  60  feet  a  minute, 
has  been  installed  by  a  Canadian  power 
supply  company.  The  spread  of  elec- 
tricity as  an  effective  method  of  wide 
distribution  of  motive  power  to  small 
manufacturing  establishments,  and  the 
development  of  the  turbine  as  the  most 
effective     means     of    transforming    the 


The  Irony  of  Fate.— Passing  of  the  Horse. 
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LARGEST  TURBINE  IN  THE  WORLD. 
stalled  at  the  Shaman  Falls  Power  Stolon  ontheS,   Malice  River  aW  84  gles  northeast  of  Montreal,  Que. 
Weight,  «  ^-^^  395000  gallons. 
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power  of  streams  into  electrical  current, 
have  caused  the  turbine  to  increase  in 
size  by  leaps  and  bounds,  until  this,  the 
largest  turbine  in  the  world,  is  the  result. 

This  colossal  machine  is  of  10,500 
horse-power,  is  30  feet  from  base  to  top, 
22  feet  wide  over  all,  and  weighs  364,- 
000  pounds.  It  was  built  in  less  than 
four  months  by  the  I.  P. 
Morris  Company,  Phila- 
delphia, Pa.,  for  the 
power  company  of 
Shawinigan  Falls,  Que- 
bec, Canada.  An  idea 
of  its  immense  size  may 
be  had  from  the  fact 
that,  in  shipping,  five 
flat  cars  and  one  box  car 
were  required  to  carry 
it,  and  a  special  route 
had  to  be  selected  where 
bridges  were  high 
enough  to  admit  of  the 
passage  of  the  huge 
parts. 

The  Canadian  com- 
pany which  will  use  the 
big  turbine  has  its  plant  three 

84  miles  from  Montreal, 
the  water  being  fur- 
nished by  the  St.  Maurice  river,  which 
empties  into  the  St.  Lawrence.  The  corn- 
pan}'  furnishes  electric  power  for  street 
railways  and  other  industrial  purposes 
in  the  city  of  Montreal ;  and  the  big  tur- 
bine will  be  one  of  several  to  generate 
power  for  this  purpose,  transmitting  the 
current  at  50,000  volts.  The  company 
has  already  developed  22.500  horse- 
power :  and.  with  the  addition  of  the  new 
turbine,  will  have  33.000  horse-power. 
The  river  is  capable  of  furnishing  100,- 
000  horse-power.  Of  the  present  output 
of  the  station,  about  10,000  horse-power 
is  sent  to  Montreal.  Shawinigan  is  now 
a  booming  town  of  5,000  people. 

With  an  intake  ten  feet  in  diameter, 
the  water,  after  going  in,  is  dicharged 
through  two  draft  bends,  one  of  which 
appears  in  the  photograph.  The  wheel 
proper  makes  180  revolutions  a  minute. 
with  a  head  of  water  of  125  to  135  feet, 
acting  on  the  turbine :  and  the  quantity 
of  water  passing  through  the  turbine 
when  developing  full  power  is  395,000 
gallons  a  minute. 


sir   <Gas~I£ia< 
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'"THE    accompanying    cut    illustrates   a 
A    line     of     direct-current     generators 

built  especially  for  use  in  connection  with 
gas  and  gasoline  engines.  The  irregular 
impulses  of  such   engines   are  offset   by 


Bearing  D.  C  Generator  for  Gas-Enoinf.  Plant. 
20  K.  W. ;  250  Volts;  750  R.  P.  M. 


means  of  a  fly  wheel,  which  serves  to 
overcome  fluctuations  of  the  dynamo 
speed,  thus  producing  a  steady  light, 
which  would  be  impossible  were  the  ir- 
regularities of  the  engine  speed  to  be  re- 
produced in  the  armature  of  the  dynamo. 
This  requirement  heretofore  has  some- 
times been  met  by  placing  a  heavy  fly 
wheel  on  an  extension  of  the  armature 
shaft  without  providing  any  additional 
support  for  it.  This  method  has,  how- 
ever, been  somewhat  unsatisfactory,  be- 
cause of  the  extra  weight  of  the  fly  wheel 
which  the  bearings  were  not  heavy 
enough  to  sustain.  The  machine  men- 
tioned has  an  extra  heavy  shaft  extended 
to  receive  a  heavy  fly  wheel  which  is 
supported  by  three  bearings,  two  of  the 
latter  being  placed  close  to  the  fly  wheel 
on  either  side  where  they  will  support 
its  weight  and  receive  the  extra  strain 
caused  by  the  jerking  of  the  dynamo  belt, 
without  injurii  ct  on  the  dynamo. 

These  three  pedestals,  with  the  machine 
frame,  are  mounted  upon  a  heavy  iron 
base,  the  latter  bcin^"  carried  upon  slid- 
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ing  rails,  so  that  the  belt  tension  can  be 
adjusted  by  means  of  hand  wheels  and 
thrust  screws.  The  machines  are  the 
product  of  the  <  Commercial  Electric  ( Com- 
pany, of  Indianapolis. 

A  LARGE  and  expensive  flume  has 
i*  recently  been  constructed  in  Eldo- 
rado County,  California,  which  conducts 
water  from  the  South  Fork  of  American 
River  down  to    Placerville.     The    total 


-      ■ 

.J 

r 

A   Mountain  Plume  in  California. 
Constructed  by  the  American  River  Electric  Company. 

length  of  the  flume  is  over  five  miles. 
though  added  to  this  is  about  two  miles 
of  canal — making  seven  miles  in  all.  The 
total  cost  of  ditch  and  flume  was  ap- 
proximately $200,000. 

This  artificial  waterway  is  capable  of 
carrying  10,000  cubic  feet  of  water  per 
minute.  The  fall  averages  5  feet  3  inches 
per  mile,  and  the  rate  of  flow  is  about 
two  miles  per  hour,  furnishing  ample 
power  for  all  purposes  required. 

This  great  improvement  was  made  by 
the  American  River  Electric  Company  of 
San  Francisco.  About  five  months  were 
required  to  complete  the  \vork — a  large 
force  of  carpenters  and 
laborers  being  employed. 
Over  1,500,000  feet  of  lum- 
ber was  used  in  building 
the  flume  alone. 

The  purpose  of  the  con- 
struction is  to  furnish  pow- 
er for  operating  the  Ameri- 
can River  Electric  Com- 
pany's immense  works  at 
Placerville — a  plant  which 
cost  over  $250,000.  The 
power  generated  will  be 
employed,  not  only  in  light- 


ing the  large  towrn  of  Stockton.  Folsom, 
and  other  distant  points,  but  will  be 
utilized  in  driving  mining  plants  in  sev- 
eral large  mines ;  also  various  kinds  of 
machinery,  mills,  etc. 

The  flume  was  constructed  for  the 
greater  part  of  the  distance  along  the 
sides  of  steep  hills.  In  some  places  a 
certain  portion  of  the  earth  and  rocks 
could  be  used  for  the  upper  side  and 
bottom  of  the  flume ;  but  at  all  points 
more  or  less  timber  and  lumber  were 
necessary.  There  is  one  stretch  where 
the  flume  is  solid  and  unbroken  for  over 
three  miles.  Along  much  of  the  distance 
the  flume  is  high,  and  supported  by 
strong  trestles. 
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A  BENCH-LATHE  of  moderate  price 
**  that  can  be  used  profitably  in  all 
kinds  of  fine,  accurate  manufacturing  and 
precision  service,  is  known  as  the  "Star 
Special"  screw-cutting  bench  lathe,  man- 
factured  by  the  Seneca  Falls  (N.  Y.) 
Manufacturing  Company.  It  is  claimed 
that  this  lathe  is  capable  of  performing 
much  of  the  work  now  done  on  larger 
and  more  expensive  tools. 

The  head-stock  has  a  large,  hollow 
spindle,  made  from  a  crucible  steel  forg- 
ing, with  draw-in  chuck  for  split-cutlets 
up  to  ^-inch  capacity.  The  cone-pulley 
has  three  steps  for  wide  belt,  and,  with 
strong  back  gears,  gives  six  changes  of 
speed.  The  cross-feed  screw  has  a  grad- 
uated collar,  which  reads  in  thousandths 
of  an  inch  and  which  can  be  set  at  zero  in 
any  position.  The  base  is  graduated  180 
degrees,  and  renders  the  compound  rest 


Screw-Cutting  Bench  Lathe. 
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Chicago  Police  Officer  Equipped  with 
Motor  Cycle. 

capable  of  fine  adjustment.  The  range 
of  feeds  is  very  large  ;  and  the  range  for 
screw  cutting  is  extra  large,  cutting  all 
standard  threads,  right  or  left,  including 
iij/4-inch  and  27-inch,  from  three  to 
sixty-four  without  compounding  the 
gears,  and  nearly  all  threads  by  com- 
pounding. Transporting  gears  and  in- 
dex may  be  obtained  for  cutting  Inter- 
national Standard  Metric  threads  from 
0.5mm.  to  8mm. 

The  bed  of  the  lathe  is  46  inches  long. 
The  rated  swing  is  9  inches  :  but  the  ma- 
chine has  an  actual  swing  of  10  1-3 
inches  over  bed  and  24  inches  between 
centers. 


Motos=   Cycles   for 
PoMeeinaeia 

jV/JOTOR  cycles  for  capturing  offending 
**     automobilists,  are  the  newest  equip- 
ment of  the  Chicago  park  police.    Horses 
have  proved   inadequate  to  the  task,  as 


the  automobile  found  to  be  violating  the 
.-peed  limit  could  always  out-race  the 
policeman,  and  the  offenders — men  ami 
women — would  often  wave  their  hand- 
kerchiefs in  derision  at  the  distanced 
horseman  in  pursuit.  Now  the  race  is 
one  between  motor  cycles  and  the  auto- 
mobile, the  results  are  different.  Excit- 
ing contests  may  often  be  witnessed  in 
the  Chicago  parks.  While  the  automo- 
bile is  generally  the  speedier,  the  motor 
cycle  has  the  advantage  in  its  superior 
mobility.  When  two  or  three  of  the  little 
putting  machines  start  after  a  big  tourist 
or  racing  car.  they  dart  through  the  nar- 
row cut-offs,  over  the  lawns,  and  across 
corners,  and  the  automobile  soon  finds 
itself  headed  off.  Numerous  captures 
have  been  made  as  a  result  of  the  new 
innovation.  Automobilists.  in  conse- 
quence,  have  been  taught  to  show 
greater  respect  for  speed  laws. 


StoJls©  Gas  Tuarlbiime 

'"THE  accompanying  photograph  rep- 
resents a  rather  promising  type  of 
gas  turbine,  which  is  being  brought  out 
in  Berlin,  Germany,  by  the  Gasturbinen 
Gesellschaft  Stolze. 

On  a  common  axle  are  mounted  two 
sets  of  turbines  of  different  design.  One 
of  th<  :rves  as  an  air-compressor 

pump,   while   the  other  drives   the  shaft 


Stolze  Gas  Turbine. 
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by  moan?  of  heated  air.  Both  of  these 
sots  consist  of  several  rows  of  guiding 
vanes  fitted  to  the  engine  casing;  and  of 
several  rows  of  running  vanes  of  a  cor- 
responding  design,  which  are  fitted  to  a 
common  rotating  cone,  turning  round 
along  with  the  shaft.  <  me  of  the  sets 
of  turbine  vanes  will  suck  fresh  air,  com- 
pressing it  to  a  given  pressure  through 
a  preheater,  which  is  heated  with  ex- 
haust gases,  and  conveying  the  greater 
part  of  it  into  a  chamber  lined  with  fire- 
proofing  material.  The  smaller  part  is 
conveyed  beneath  the  grate  of  a  pro- 
ducer, where  it  gasifies  a  convenient  fuel. 
'Idie  gas  thus  formed  penetrates  into  the 
above-mentioned  chamber,  to  he  burnt 
there  in  suitable  burners  by  the  com- 
pressed  air  to  carbonic  acid  and  water 
vapor,  while  evolving  large  amounts  of 
heat,  ddie  resultant  gases  penetrate  into 
the  second  turbine  system,  where  they 
yield  useful  work  by  expansion  in  trav- 
ersing the  various  steps.  The  process  is 
thus  mainly  analogous  to  the  cycle  char- 
acteristic of  all  combustion  engines, 
which  consists  of  a  suction  of  air,  fol- 
lowed  by  compression,  mixing  with  fuel, 
combustion,  expansion,  and  discharge. 
In  most  of  the  gas  motors  now  being 
built,  the  mixing,  it  is  true,  takes  place 
before  compression  ;  and  the  combustion, 


as  carbonated  air  or  benzine,  alcohol,  or 
petroleum  vapors.  The  high  practical 
importance  of  this  system  for  automobile 
construction,  which  so  far  had  available 


Stolze  Gas  Turbine. 

under  increasing  pressure.  The  working 
cycle  of  the  gas  turbine  most  resembles 
that  of  the  Diesel  motor. 

The  efficiency  of  the  turbine  is  doubt- 
less susceptible  of  being  increased  be- 
yond that  of  any  existing  type  of  prime 
mover.  The  Carnot  cycle,  for  instance, 
is  approached  more  closely  than  with  any 
other  design  of  motor. 

Instead  of  producer  gas,  any  other 
kind  of  s:as  evidentlv  can  be  used,  as  well 


Elevation  of  One  Type  of  Stolze  Gas  Turbine. 

no  other  smoothly  running  motors  than 
electromotors  in  connection  with  accum- 
ulators and  their  drawbacks,  need  hardly 
be  pointed  out. 

The  gas  turbine  obviously  combines 
the  individual  advantages  of  both  the 
steam  turbine  and  the  reciprocating  gas 
motor,  and  thus  bids  fair  to  become  an- 
other powerful  competitor  to  the  recip- 
rocating steam  engine. — Dr.  A.  Graden- 

WITZ. 


IL©c©sim©^a^e 

THE  Northern  Pacific  Coast  Railroad 
*■  Company,  which  operates  a  line 
eighty-seven  miles  long  in  California 
1  iet ween  San  Francisco  and  the  town  of 
Cazadero,  has  been  experimenting  with 
the  use  of  oil  as  a  substitute  for  coal  on 
its  locomotives,  and  has  recently  provided 
an  engine  which  has  been  tried  with  very 
satisfactory  results.  The  locomotive  em- 
braces a  number  of  novel  features.  It  is 
provided  with  a  boiler  and  smokestack 
of  the  same  pattern  as  the  ordinary  steam 
locomotive ;  but,  as  will  be  noted  in  the 
photograph,  the  boiler  is  set  upon  the 
truck  frame  at  a  slight  angle.  The  truck 
frame  is  also  of  the  ordinary  American 
pattern  provided  for  medium-power  pas- 
senger engines ;  but  the  locomotive  is  ap- 
parently built  to  run  backwards,  as  the 
pilot,  as  well  as  the  headlight,  is  attached 
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to  the  cab  of  the  locomotive.  The 
tender  containing  the  oil  tank  and  water 
tank  is  located  in  the  rear  of  the  locomo- 
tive, coupled  to  what  ordinarily  would  be 
the  front  of  the  truck  frame.  The  usual 
air-brake  system  is  also  provided,  as  well 
as  flexible  metal  hose  winch  conduct  the 
oil  and  water  to  the  furnace  and  boiler 
respectively.  The  oil  conduit  extends 
along  the  side  of  the  boiler,  and  upward 


being  rilled  with  crude  petroleum.  The 
nick  frame  and  all  of  the  mechanism 
except  the  boiler  were  built  by  the  Bald 
win  Locomotive  Works,  according  to  the 
designs  of  Mr.  James  B.  Stetson,  presi- 
<!  ni  of  the  North  Pacific  ('oast  Railroad 
( 'ompanv.  The  boiler  was  mounted  upon 
the  truck  frame  at  the  shops  of  the  rail- 
i  iad  company,  where  the  tank  tender 
v.  as  als<  i  built. 
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into  the  distributing  tank,  which  is  placed 
upon  the  top  just  forward  of  the  cab. 
[nun  this  reservoir,  copper  pipes  lead  to 
the  apparatus  by  which  the  fluid  is  forced 
in  a  jet  or  spray  into  the  furnaces.  The 
oil-burning  apparatus  and  fire  box  do  not 
differ  from  the  equipment  on  the  ordi- 
nary oil-burning  engine.  The  water  is 
admitted  directly  to  the  boiler  tubes, 
which  are  so  arranged  that  they  can 
readily  be  cleaned  of  scale. 

One  of  the  advantages  claimed  for  this 
model  of  engine  is  that,  with  the  cab 
located  in  front  instead  of  in  the  rear, 
the  engineer  has  an  unobstructed  view  of 
the  track  ahead,  which  forms  an  addi- 
tional safeguard  against  collisions  and 
derailments  such  as  might  he  caused  by 
a  displaced  switch  or  an  obstruction  on 
the  track.  The  air  draught  through  the 
cab,  moreover,  decreases  the  temperature, 
making  the  interior  more  comfortable, 
while  it  also  aids  the  air  suction  in  the 
furnaces.  Since  the  flow  of  the  oil  and 
water  is  regulated  by  valves,  merely  the 
services  of  an  engineer  are  required  for 
all  purposes,  as  the  sources  of  supply  are 
at  all  times  directly  under  his  control. 
The  tanks  on  the  tender  are  constructed 
of  ordinarv  boiler  iron,  the  oil  reservoir 


The  locomotive  has  been  in  service 
several  months,  and,  according  to  the 
statement  of  Mr.  Stetson,  has  given 
entire  satisfaction.  At  the  present  cost 
of  oil  in  California,  the  locomotive  is 
operated  at  about  50  per  cent  less  for 
fuel  than  coal-burning  engines  on  the 
same  railroad  developing  an  equal 
amount  of  power. 


JO@cfor,iiinie§&&i©im  aim 

"C"VKRY  railway  in  the  United  King 
*— '  dom,"  says  the  London  Sphere,  "is 
now  considering  the  question  of  electri- 
fication. The  rapid  spread  of  the  electric 
trolley-car  system  all  over  the  country, 
connecting  town  with  town  and  village 
with  village,  has  affected  tin  suburban 
receipts  of  several  railways.  Two  greal 
lines  are  hoping  to  postpone  the  day  of 
electrification  by  the  adoption  of 
'decapods,'  ten-wheel  tank  engines  capa- 
ble of  hauling  greater  loads  than  any 
locomotive  hitherto  built  for  suburban 
traffic." 
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Number  Thirteen — Graphs 


IN  reading  a  technical  book  or  maga- 
zine, we  often  see  curved  lines  drawn 
on  paper  ruled  off  in  small  squares. 

To  the  uninitiated  these  lines  mean 
little  or  nothing;  but  to  those  who  can 
understand  them,  they  show  far  more 
than  can  he  explained  in  many  pages. 

To  interpret  the  meaning  of  these 
graphical  representations)  one  must  first 
of  all  know  how  they  are  constructed, 
and  then,  by  careful  study  and  practice, 
learn  to  read  them  correctly  and  formu- 
late the  laws  they  express.  It  is  indeed 
surprising  to  see  how  plainly  such  a 
curve  shows  facts,  and  how  much  can 
be  represented  by  a  single  line  referred 
to  fixed  base-lines. 

Principles  of  Construction 

Before  discussing  the  shapes  of  plotted 
curves,  let  us  consider  the  method  of  con- 
struction. 

Idle  usual  bases  are  two  straight  lines 
at  right  angles  to  each  other.  These 
lines  are  often  called  "rectangular  axes." 
In  Fig.  i  on  the  blackboard.  OX  and 
OY  are  the  axes,  and  0  (the  intersec- 
tion) is  the  "origin."  If  the  perpendi- 
cular distances  AP  and  BP  are  known, 
the  point  P  is  fixed — that  is,  its  position 
relative  to  the  axes  is  known.  The  dis- 
tance AP  is  called  the  abscissa,  and  BP 
is  called  the  ordinate,  of  the  point  P. 
The  distances  are  also  called  the  co-or- 
dinates of  P. 

If  we  have  a  table  showing  these  dis- 
tances for  a  series  of  points,  each  point 
may  be  plotted.  A  simple  case  is  a  table 
of  variables,  such  as  is  given  below.  In 
using  such  a  table,  one  column  may  be 
taken  for  the  abscissas,  and  the  other 
for  the  ordinates.  Thus  a  series  of  points 
represent  graphically  the  data  given  in 
the  table. 


Vacuum,  Inches 

of  Mercury 

o 

4 
7 

10 

16 

iS 

22 


The  following  table  was  compiled 
in im  the  results  of  a  test  of  a  steam 
turbine  driving  a  generator.  It  shows 
the  effects  of  increasing  the  vacuum: 

Pounds  of  Steam 
per  K.  W.  pee  Hour 
34-5 
33-0 
32.  r 
31.0 
29.0 
28.0 
26.1 

24  25.0 

26  23.6 

The  plotted  results  are  given  in  Fig. 
2.  The  readings  of  vacuum  are  taken 
as  abscissas,  and  the  pounds  of  steam 
as  ordinates.  Thus  we  commence  with 
no  vacuum  (atmospheric  pressure),  and 
34.5  pounds.  For  a  vacuum  of  7  inches 
the  ordinate  is  32.1.  Other  points  are 
located  in  the  same  way. 

The  curve  shows  that,  as  a  more  per* 
feet  vacuum  is  maintained,  the  steam 
consumption  decreases. 

Another   Example 

The  following  table  appears  in  a  re- 
cent government  report.  It  gives  the  to- 
tal tonnage  of  vessels  built  during  the 
years  1891-1900  inclusive  ;  it  also  gives 
the  tonnage  of  vessels  built  on  the  sea- 
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board : 

Year 

On  Seaboard 

Total  Tonnage 

1891 

237.462 

369,302 

1892 

138,863 

199.633 

1893 

1 02,830 

211,639 

1894 

80,099 

I3U95 

1895 

67,127 

ir  1,602 

1896 

102,544 

227,097 

1897 

103,504 

232.233 

1898 

1 12,879 

180,458 

1899 

196,120 

300.03S 

1900 

240.006 

393,790 

Resented 

hy  Author  1 
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Unless  studied  very  carefully,  this 
table  does  not  mean  much.  Contrast  it 
with  Fig.  3  on  the  blackboard.  These 
curves  arc  plotted  in  the-  same  way  as 
was  the  curve  shown  in  Fig.  2.  The 
1  lates  are  taken  as  abscissas,  and  the  ton- 
nage as  ordinates. 

It  may  be  noticed  that  the  point  for 
the  year  [891  is  not  taken  at  the  origin, 
but  at  a  distance  corresponding  to  a  half- 
year  beyond.  The  reason  for  this  is  that 
the  data  in  the  table  is  for  the  whole  year, 
and  to  get  a  point  for  plotting,  the  or- 
dinate is  placed  at  the  middle  of  the  space 
indicating  the  year. 

It  is  well  to  note  that  the  plotting  of 
this  curve  differs  in  one  respect  from 
Fig.  2.  In  Fig.  2,  all  points  are  accurate. 
while  in  Fig.  3  it  is  impossible  to  take 
into  account  hundreds,  tens,  and  units, 
unless  the  values  are  plotted  on  a  very 
large  scale.  The  form  of  the  curve  is 
sufficiently  accurate,  and  expresses  the 
principles. 

Fig.  3  shows  that  there  was  a  marked 
decrease  in  shipbuilding  in  1894  and 
1895.  During  1896  and  1897  the  totals 
were  higher,  but  there  was  but  little  in- 
crease on   the   seaboard.      Doubtless   the 


general  decrease  was  due  to  the  hard 
times  of  1893  and  1894.  Probably  an 
economist  would  tell  us  that  the  increase 
in  1896-1897  on  the  Lakes  was  due  to 
the  development  of  tbc  iron  ore  trade 
on  the  upper  Lakes,  which  caused  the 
building  of  more  ships  to  carry  the  ore. 
The  increase  in  1899  ancl  I9°°  nia.v  have 
been  due  to  the  Boer  War,  which  de- 
creased shipbuilding  in  England,  and  in- 
creased it  in  other  countries. 

Curves  as  Aids  in  Calculation 

In  engineering  work,  there  are  many 
cases  in  which  constants  to  be  used  in 
formulae  are  plotted  in  curves  rather  than 
expressed  in  tables.  Take  Fig.  4  as  an 
example.  In  this  graph,  the  number  of 
heat  units  lost  from  a  12-inch  wall  is 
shown  to  vary  as  the  difference  in  tem- 
perature varies.  Thus,  in  calculating  the 
size  of  radiators,  we  first  estimate  the 
probable  difference  between  the  temper- 
ature of  the  room  and  that  of  the  out- 
side air.  Let  us  suppose  this  to  be  60 
degrees.  Then  by  following  the  ordinate 
for  60  degrees  we  find  that  a  squar< 
of  a  12-inch  brick  wall  will  radiate  to 
heat  units  per  hour. 


MOSCOW,    Mil'.   COMMERCIAL  METROPOLIS  OF  RUSSIA. 
View  showing  the  Kremlin 


Life  Stories  of  Successful  Men 

M.  de  Witte 

President  of  the  Russian  Imperial  Council 


By    WILLIAM  A.  COLLEDGE,  D.  D. 

Professor  of  English  Literature,  Armour  Institute  of  Technology 


THE  average  American  is  very  apt 
to  be  of  the  opinion  that  the 
United  States  is  the  only  coun- 
try where  men  are  able  to  rise 
from  humble  surroundings  to  positions 
of  national  importance  and  great  respon- 
sibility. The  career  of  M.  de  Witte, 
however,  who  is  to-day  the  greatest  po- 
litical force  in  Russia,  is  a  flat  contradic- 
tion of  such  a  belief. 

This  man  started  life  from  a  very  in- 
significant position  in  the  little  town  of 
Odessa,  and  by  courage,  good  judgment, 
and  hard  work  became  the  first  states- 
man in  Russia,  taking  rank  with  Glad- 
stone and  other  famous  leaders  of 
European  politics. 

Tn  young  manhood,  De  Witte  was  ap- 
pointed station  agent  in  a  small  town 
of  Southern  Russia.  While  holding  this 
position,  the  Russo-Turkish   War  broke 


out,  and  the  Government  immediately 
rushed  troops  and  commissary  supplies 
to  the  front  in  such  abundance  that  the 
railroad  was  soon  choked.  In  this  crisis 
the  officers  of  the  road  seemed  to  lose 
their  heads,  and  everything  was  in  a  dis- 
tressing muddle.  At  the  outbreak  of  the 
war.  De  Witte  was  twenty-seven  years 
of  age,  strong,  clear-headed,  and  not 
afraid  of  work.  Without  any  orders 
from  his  superiors,  he  stepped  squarely 
into  the  breach  and  took  upon  himself 
the  responsibility  of  keeping  the  line 
open.  He  contradicted  orders,  side- 
tracked special  trains — in  fact,  took  upon 
his  own  shoulders  the  entire  management 
of  the  road. 

The  failure  of  his  plans  would  have 
meant  ruin,  but  De  Witte  had  no  thought 
of  failure.  He  was  ready  to  take  the 
odds.     With   untiring   judgment  backed 
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by  an  energy  that  worked  night  and  day. 
he  straightened  out  the  railroad  tangle, 
and  got  the  soldiers  to  the  front  and  their 
commissary  supplies  after  them.  So  well 
was  the  crisis  handled  that  the  Czar  sent 
for  the  young  station  agent  and  person- 
ally thanked  him. 

Since  De  Witte's  first  government  ap- 
pointment, he  has  held  the  position  of 
Minister  of  Means  of  Communication, 
Chairman    of    the    Tariff    Commission, 


which  he  does  things,  one  is  impressed 
by  two  facts — First,  that  everything  he 
knows  he  knows  thoroughly;  he  has  a 
thorough  mastery  of  the  details  of  work 
in  the  various  departments  that  have  been 
under  his  jurisdiction.  Kurthermore,  his 
knowledge  is  accurate.  Second,  he  is 
never  afraid  to  take  the  initiative,  to 
shoulder  responsibility. 

The  career  of  this  statesman,  especially 
in    Russia — a  countrv  that  is  in  an  ex- 


M.    DE  WITTE. 
President  of  the  Russian  Imperial  Council  of  Ministers. 


Minister  of  Finance,  and,  finally.  Presi 
dent  of  the  Imperial  Council  of  Ministers. 
To  the  last-named  position  he  has  been 
called  as  the  one  strong  man  in  Russia 
upon  whom  dependence  can  be  placed  to 
work  out  a  solution  of  the  administrative 
problems  arising  out  of  the  crises  con- 
fronting the  Empire  in  these  days  of 
foreign  and  domestic  stress  whose  out- 
come is  so  uncertain. 

In  reading  the  story  of  what  this  man 
has  accomplished,  and    the    manner    in 


treme  sense  aristocratic — -shows  the  trend' 
of  the  present  age — that  what  the  age 
needs  most  is  the  man  who  has  the  ability 
to  do  things.  The  world  does  nol  care 
a  sua])  whether  you  are  the  .son  of  .1 
grand  duke  or  a  rag-picker,  if  you  have 
the  stuff  in  you  to  do  the  things  thai  the 
world  wants  to  he  done.  Whenever  a 
man,  whether  he  is  horn  in  the  United 
States  or  in  the  Fiji  Islands,  is  able,  in 
the  slang  phrase  of  the  day.  to  "deliver 
the  goods."  his  future  is  secure, 


AX  X-ray  machine  which  is  believed 
to  be  the  largest  in  the  world,  has 
just  been  completed  by  the  Carstarphen 
Electric  Company  of  Denver,  Colorado. 
The  machine  will  be  installed  in  the 
Phipps  Agnes  memorial  sanitarium  at 
Mont  Clair.  The  contract  for  building 
the  apparatus  was  awarded  to  the  Denver 
firm  after  competitive  bidding. 

The  complete  apparatus  occupies  about 
the  same  space  in  a  room  as  an  upright 
piano.  At  the  coil  end  of  the  cabinet, 
is  a  controlling  switchboard.  The  dy- 
namo and  coils  are  all  neatly  enclosed  in 
the  cabinet,  only  a  small  part  of  the  deli- 


X-Ray  Machine  with  Capacity  of  Over 
1,000.000  Volts. 

cate  and  intricate  machinery  being  vis- 
ible. The  sparkers.  or  spark-producing 
points,  work  perfectly  27  inches  apart. 

The  sanitarium  has  its  own  power 
plant,  the  voltage  being  no  direct  cur- 
lvnt ;  and  the  apparatus  is  built  specially 
for  this  voltage,  being  equipped  with  all 
necessary  resistance  coils  and   rheostats. 


Any  part  of  the  human  body  may  be 
photographed  by  this  machine,  which 
makes  an  impression  under  exposure  of 
less  than  ten  seconds.  The  makers  of 
the  machine  have  received  from  ( ier- 
many  a  number  of  glass  tubes  through 
which  the  current  passes,  enabling  phy- 
sicians to  explore  any  part  of  the  human 
anatomy  which  may  be  reached  by  any 
instrument  now  in  surgical  use.  With 
this  machine  it  is  possible  to  obtain  a 
current  of  1. 000.000  volts,  enabling  the 
operators  to  take  a  radiograph  through 
an  ordinary  wooden  wall,  if  necessary. 

\Y.  B.  Carstarphen,  who  supervised  the 
making  of  the  machine,  says  of  it : 

"The  coil  is  capable  of  generating  a  voltage 
of  1. ooo.ooo.  The  terminals  are  set  twenty 
inches  apart,  and  the  discharge  between  them 
is  a  heavy  flaming  arc,  the  woodwork  being 
of  mahogany.  The  primary  circuit  is  inter- 
rupted by  a  mercury  jet  interrupter  working 
in  oil.  The  cabinet  comprises  -drawers  and 
compartments  for  X-Ray  tubes,  fluoroscopes, 
screens,  high-frequency  treatment  electrodes, 
cords,  etc.  Numerous  accessories  went  with 
the  coil,  among  which  were  double  Oudin 
high-frequency  coils ;  treatment  stand,  treat- 
ment chair,  tube  stand,  extra  large  fluoroscope 
with  special  protecting  screen,  various  forms 
of  glass  vacuum  electrodes  and  some  of 
Friedlanders  largest-sized  X-ray  tubes.  This 
made  an  exceptionally  fine  and  powerful  outfit, 
and  an  outfit  with  which  a  skiagraph  of  any 
part  of  the  human  body  can  be  taken  in  ten 
seconds  or  less." 


3lHE&g    &    Si 


Vi- 


THE  work  done  by  Mr.  Otto  Schlick. 
1  of  Hamburg,  Germany,  in  formulating 
valuable  rules  for  diminishing  the  vibra- 
tions of  steamships,  is  universally  known, 
it  being  mainly  due  to  his  investigations 
that  ocean  liners  are  enabled  to  cross  the 
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Atlantic  at  the  enormous  speed  of  up 
to  _'4  knots  an  hour.  After  recently  de- 
signing an  apparatus  for  diminishing 
the  rolling  movement  of  a  ship  and  thus 
preventing  seasickness  (see  The  TECH- 
NICAL World  for  August.  [904,  p.  735), 
the  same  experimenter  is  now  bringing 
out,  in  conjunction  with  Mr.  II.  Muihak 
of  I  [amburg,  an  apparatus  foi  recording 
the  vibrations  of  steamships. 

The  "1 'allograph,"  as  the  apparatus  is 
called,  traces  the  vibration  amplitude  of 


magnet,  which  is  to  be  actuated  by  a  push 
button  on  the  bridge.  This  arrangement 
is  especially  suitable  for  trial  trips  on  the 

measured  mile. 

The  curves  of  the  diagram  supplied  by 
the  apparatus  give  an  accurate  indica- 
tion of  all  the  important  data,  such  as 
would  be  impossible  to  obtain  in  any 
other  way.  From  the  shape  of  the  curve, 
the  amplitude  of  vibrations  and  the  peri- 
odical fluctuations  are  inferred,  fur  both 
the  vertical  and  the  horizontal  vibrations. 


THE  PALLOGRAPIl. 
An  instrument  fur  recording  the  vibrations  of  steamers. 


the  keel  (where  the  instrument  is  lo- 
cated) by  means  of  two  steel  pens,  upon 
a  strip  of  paper,  which  slowly  unwinds. 
The  device  is  driven  by  clockwork,  both 
f  n-  the  vertical  and  horizontal  vibrations. 
A  third  pen,  impelled  also  by  clockwork, 
produces  each  second  a  trace  on  the  strip 
of  paper.  There  are,  in  addition,  one  to 
three  further  pens  (according  as  the 
-teanier  has  one,  two,  or  three  engines 
and  propellers),  which  are  electrically 
driven  from  the  engine,  ft  may  he  men- 
tioned that  every  engine  part  is  fitted 
with  a  contact  disc,  which  allows,  with  a 
given  position  of  the  crank,  an  electric 
current  to  he  sent  to  the  electro-magnet 
of  the  apparatus,  actuating  the  recording 
pens  concerned.  At  the  moment  of  the 
crank  occupying  a  given  position  (being, 
for  instance,  at  the  dead  point),  a  mark- 
will  thus  he  traced  on  the  strip  of  paper. 
An  additional  steel  pen  may,  if  desired, 
he  arranged,  to  he  moved  bv  an  electro 


The  trace  marked  on  the  Strip  with  each 
revolution  of  the  engine,  in  connection 
with  the  time  marks,  next  allows  of  the 
number  of  revolutions  of  the  engine  per 
minute  being  ascertained  correctly  tip  to 
0.05.  The  diagram  likewise  enables  us 
to  ascertain  how  many  vibrations  have 
happened  during  one  revolution  of  the 
engine,  and  at  which  point  of  the  ampli- 
tude the  part  of  the  ship  concerned  hap- 
pens to  he,  when  a  given  engine  crank 
passes  through  the  dead  point.  The  em- 
ployment of  the  apparatus  in  running 
off  the  measured  mile  is  of  particular 
value,  the  apparatus  indicating: 

1.  The  exact  time  required  for  running  off 
the  mile,  up  to  0.05  second. 

2.  The  aggregate  number  of  revolutions  of 
the  engine,  during   the  time  required   fur  run- 
ning off  the  mile,  up  to  0.02  revolutions   (pro 
vided  tlie  number  of  revolutions  does  not  ex 
ceed    1  50   per   minute  ) . 

.}.     The  amplitude,  frequency,  and  character- 
istics of  the  vertical  ami  horizontal  vibrations. 
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Mr.  Schlick's  investigations  have 
broughl  out  the  fact  that  the  number  of 
revolutions  of  the  engine  is  subjected  to 
frequent  fluctuation  within  one  minute.  It 
is  consequent^  of  particular  importance 
accurately  to  ascertain  the  number  of 
revolutions,  in  order  to  gauge  the  per- 
formance of  the  engine.  An  analysis  of 
the  curves  (which  first  should  be  en- 
larged b)  means  of  photography)  then 
allows  of  the  causes  of  the  vibrations  be- 
ing investigated,  and  eventually  elimi- 
nated. The  apparatus  is  therefore  of  the 
hight  si  value,  not  only  to  steamers  driven 
by  reciprocating  engines,  but  even  more 
so  to  turbine  steamers,  enabling  as  it  does 
the  engineer  to  ascertain  the  faulty  posi 
tion  of  the  propeller  blades,  which  is  one 
of  the   principal   causes   of   vibration. — ■ 

DR.    A.    <  rRADENWITZ. 


Ak&   Bini&inaeK&se  Boe^d 

T\  recent  numbers  of  The  Technical 
*  World,  references  have  been  made  to, 
and  pictures  shown,  of  the  gigantic  tim- 
ber tree-  characteristic  of  the  Pacific 
slope.  The  accompanying  photograph 
shows  one  of  the  products  manufactured 


Gigantic  Redwood  Board. 
Cut  from  tree  grown  in  Humboldt  County,  California. 

out  of  these  trees — an  immense  redwood 
board  sawed  from  a  log  grown  in  Hum- 
boldt county.  California.  The  board  is 
82  inches  wide,  and  absolutely  clear  of 
defects  such  as  knots  or  shake.  The 
gentleman  standing  beside  the  board,  is 
Mr.  Folke  Randel,  a  student  of  the 
American  School  of  Correspondence, 
from  whom  we  received  the  photograph. 


A  Swelled!  Headl 

f~\  XV.  of  the  worst  cases  of  megaloce- 
^-^     phalic    degeneration    that   has    ever 


come    to    our 
accompanying 


notice,    is    shown    in    the 
engraving.     The     speci- 


Mammoih    Mushroom. 

hound  in  North  Evanston.  111.,  Sept.  4,  1904.     Diameter  as 

shown  by  foot-rule,  over  12  inches;  circumference, 

4i)  inches;  weight,  one-half  pound. 


men,  which  hails  from  Xorth  Evanston, is 
one  of  the  genuine  autochthones  of  the 
rich  forested  soil  that  abounds  in  the  vi- 
cinity of  that  classic  suburb  of  Chicago. 
It  was  discovered  by  Mr.  Charles  S. 
Radden  on  the  4th  of  September  last. 
Whether,  like  other  specimens  of  the 
over-obtrusive  genus,  it  soon  found  itself 
"in  the  soup,"'  we  know  not,  though  the 
record  of  its  fate  might  have  "pointed 
a  moral ;"  but  certainly  its  features,  al- 
most human  in  their  display  of  unabashed 
effrontery  and  self -centered  complacency, 
are  fit  to  have  "adorned  the  tale." 
"There  are  others" — mushrooms  we 
mean — but  certainly  this  one  is  entitled 
to  immortal  fame  as  the  standard-hearer 
of  our  20th-century  advance  in  this  re- 
gion of  the  Middle  West — the  land  of  big 
things,  big  men,  big  stories,  etc. 


Adpastts^Ibl©   Slhmft= 


A  N  adjustable  bearing  in  which  wear 
^*  is  compensated  for  while  the  journal 
is  in  motion,  and  which  keeps  the  shaft 
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irni 


T=U" 


ADJUSTABLE  SHAFT-BEARING. 


at  the  same  time  in  perfect  alignment,  is 
represented  in  the  accompanying  draw- 
ing. It  was  designed  by  Air.  G.  W. 
Bates,  a  graduate  of  the  American  School 
of  Correspondence. 

The  bearing  consists  of  several  brasses, 
which  are  supported  in  the  pedestal  by 
set  screws.  Each  brass  is  supported  by 
two  of  these  screws,  one  at  each  end.  As 
can  be  seen,  the  shaft  may  he  adjusted  in 
any  plane  parallel  to  the  axis  of  the  shaft. 
making  it  very  easy  to  keep  it  in  align- 
ment. This  form  of  bearing  also  offers 
exceptional  facilities  for  keeping  the 
journal  supplied  with  oil. 

""THE  photograph  reproduced  in  the  ac- 
*•  companying  illustration  was  taken 
because  the  landscape  which  it  represents 
is  very  artistic.  After  the  view  was 
made,  however,  the  photographer,  on 
turning  it  upside  down,  discovered  that 


another  view  had  also  been  taken,  caused 
by  the  reflection  of  the  water.  On  re- 
versing the  picture,  a  group  of  houses 
can  be  seen  through  the  woodland  which 
intervenes  between  them  and  what  ap- 
pears to  be  a  lake.  In  front  of  the  lake- 
is  a  driveway  ending  in  a  pier  which  pro 
jects  into  another  body  of  water  in  the 
foreground.  The  view  is  what  might 
be  called  a  reversible  or  "topsy-turvy" 
picture  caused  1>\  a  curious  combination 
of  natural  and  artificial  features. 


WoirWs  BeadMestfc  RilSe 

A  NEW  magazine  infantry  rifle,  which 
**■  experts  declare  to  be  superior  to  any 
other  type  in  existence,  has  been  con- 
structed and  adopted  by  the  Ordnance 
Department  of  the  United  States  Army. 
Yearly  100.000  of  the  new  weapons  have 
already  been  made  in  the  government 
arsenals,  and  the  entire   [nfantry  service 


REVERSIBLE  OR  "TOPSY-TURVY"  PICTURE. 
A  rare  coincidence  caught  by  the  camera. 
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as 


TOP  AND  SIDE  VIEW'S  OF  NEW  I.  S.  ARMY  MAGAZINE  RIFLE. 


will  soon  be  equipped  with  them.  The 
most  notable  difference  apparent  at  first 
glance  between  the  old  and  the  new  arm 
is  the  fact  that  the  barrel  of  the  latter  is 
entirely  covered  with  wood.  This  inno- 
vation was  the  result  of  suggestions 
made  to  the  Ordnance  officers  by  the  en- 
listed men  of  the  army.  Following  the 
campaigns  in  Cuba  and  the   Philippines, 


The  magazine  has  a  capacity  of  five  cart- 
ridge-, and  can  he  tilled  with  ease  and 
quickness.  When  fully  assembled,  the 
gun  weighs  a  little  more  than  eight 
pounds,  and,  according  to  the  Ordnance 
experts,  is  exceptionally  well  halanced, 
insuring  ease  of  discharge  and  facilitat- 
ing accuracy  of  aim — a  feature  of  im- 
portance. 


»AHD  G</*SfJ> 


SECTIONS    SHOWING  MECHANISM  OF  NEW  U.   S.  ARMY  MAGAZINE  RIFLE. 


many  complaints  were  made  to  the  Ord- 
nance Department  by  officers  in  the  field, 
who  said  that  after  a  period  of  rapid  dis- 
charges the  rifles  became  so  hot  that  it 
sometimes  was  necessary  to  cease  firing 
for  a  time  to  permit  them  to  cool. 

The  bore  of  the  new  rifle  is  smaller 
than  that  of  the  old.  the  caliber  being 
about  .30  inch,  while  the  initial  velocity 
and  the  penetrating  power  are  both 
greater.  The  new  gun.  also,  is  several 
inches  shorter  than  the  old.  The  ejecting 
lever  projects  downward  in  the  new  arm. 


With  an  ordinary  service  charge,  the 
maximum  effective  fighting  range  of  the 
gun  is  4,781  yards,  or  nearly  2%  miles. 
With  a  full  service  charge,  one  of  the  new 
rifles,  fired  at  fifty  feet,  drove  its  missile 
54.5  inches  into  white  pine  butts,  and 
through  a  steel  plate  nearly  half  an  inch 
thick.  The  bullet  used  lias  a  core  of 
lead  and  tin  composition  in  a  jacket  of 
cupro-nickel.  and.  when  fired  with  a 
service  charge,  has  a  muzzle  velocity  of 
2.300  feet  a  second. 


In  order  to  receive  attention,  all  inquiries  must  be  addressed  to  the  Consulting  Department,  and  must  be  accompanied 
with  the  full  >i<uiu-  and  address  of  tlie  sender.    In  view  of  the  fact  that  the  inquiries  already  received  have 
far  exceeded  the  available  space,  the  Editors  reserve  the  right  to  select  for  publication 
only  those  inquiries  likely  to  be  of  greatest  interest  to  the  readers  of  the  mag- 
azine in  general.     Other  inquiries  will  be  answered  by  letter. 


Work  Required  to  Compress  Air, 
Power  Developed,  Etc. 

Questions: — i.  What  is  ordinarily  the 
limit  of  pressure  upon  a  compressed-air  tank 
used  for  driving  machinery  or  operating  tools? 

_'.  What  would  be  the  capacity  in  cubic 
feet  of  air  of  a  tank  o  feet  by  2  feet? 

3.  How  much  work  would  be  practically 
required  to  lill  the  tank  to  its  capacity? 

4.  With  a  compressed-air  engine  of  or- 
dinary efficiency,  how  many  horse-power 
could   be   developed    with   such   a   tank? 

5  What  is  the  efficiency  of  an  ordinary 
compressed-air  engine  when  the  pressure  in 
the  tank   is  quite  low? — .i.  F.  S. 

Answers: — 1.  The  ordinary  pressure 
at  which  compressed  air  is  used  is  100 
pounds  gauge.  For  certain  special  work, 
however,  pressures  as  high  as  2.000 
pounds  per  square  inch  are  used.  The 
compressed  air  used  in  operating  engines 
of  torpedoes  is  compressed  to  this  press- 
ure. 

2.  The  capacity  of  the  tank  6  feet 
lone:  would  be  equal  to  its  Length  multi- 
plied by  the  Area  of  its  Cross-section. 
which  in  this  case  gives: 

6X3.1416  =  18.840ft  cubic  feet. 

3.  For  each  cubic  foot  of  air  com- 
pressed per  minute  to  100  pounds  gauge 
pressure,  there  is  required  1.5  horse- 
power. Since  there  are  18.85  cubic  feet, 
the  total  power  required  to  do  the  com- 
pression in  one  minute  is  18.85  x  1.5 
(=  29)  horse-power.    This  is  equivalent 


in  round  numbers  to  30x33,000  (=  990.- 
000)   foot-pounds. 

4.  The  exact  horse-power  that  could 
be  developed  by  using  the  compressed 
air  stored  in  the  above  tank  would  de- 
pend upon  the  rate  at  which  the  air  is 
used,  as  well  as  the  pressure  of  the  air 
in  the  tank.  The  efficiency  of  the  system 
startin»-  with  the  work  done  in  the  com- 
pressor, would  be  about  50  per  cent.  As 
shown  above,  the  work  performed  was 
990,000  foot-pounds.  Allowing,  then,  for 
an  efficiency  of  50  per  cent,  the  available 
work  would  he  405.OOO  foot-pounds.  The 
available  horse-power  would  depend 
upon  the  rate  at  which  the  air  is  used.  If 
used  for  one  minute,  the  horse-power 
would  be : 


495,000 
33, 


15. 


If,  on  the  other  hand,  we  wish  to  run  a 
motor  for  our  hour  on  the  supply  in  the 
tank,  the  available  power  would  be  only 
H  (  or    '  4  '    horse-power. 

5.  The  maximum  efficiency  of  an  en- 
gine of  any  size  is  in  the  neighborhood  of 
80  per  cent — that  is,  of  the  total  stored 
energy  in  the  compressed  air.  the  engine 
will  develop  at  tin-  brake  .8.  While  the 
efficiency  of  compression  is  considerably 
lower  at  high  pressures,  yet,  when  used 
in  a  motor,  the  efficiency  varies  hut  little 
witli  different  pressures. 
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CONSULTING  DEPARTMENT 

Horse-Power  and  Design  of  Gasoline 
Engines 


'Continued) 


Question  i:  Please  tell  me  how  to  figure 
the  horse-power  of  either  a  two-  or  a  four- 
cycle engine. 

Question  2:  How  can  I  find  the  right  com- 
pressii  in  to  use  in  an  engine  ? 

Question  3:  Please  give  me  the  formula  to 
determine  the  exact  size  of  the  inlet  and  ex- 
haust valves. 

Question   7:      How   do   I    find  the   diameter 

shaft,  crank-pin,  etc? — 6'.   W. 

Answer  1:  To  figure  the  horse-power 
of  either  a  two-  or  a  four-cycle  engine, 
use  the  following  formula  : 


i.  II.  P. 


A        M.  E.  P.   X  S 


::::. I 


in  which  A  is  the  area  of  the  cylinder  in 
square  inches:  M.  E.  P..  the  mean  ef- 
fective pressure;  and  S,  the  impulse- 
stroke  travel  in  feet  per  minute.  S  is 
found  by  multiplying  the  stroke  (in  feet) 
by  the  number  of  impulses  or  explosions 
in  the  cylinder  per  minute. 

In  a  four-cycle  engine  with  positive 
explosions.  S  will  be  )  _>  the  number  of 
revolutions  per  minute.  In  a  two-cycle 
engine,  there  will  be  an  explosion  in  each 
cylinder  for  every  revolution.  Conse- 
quently S  equals  the  number  of  revolu- 
tions. 

Answer  2:  There  is  no  exact  formula 
for  finding  the  "right  compression."  The 
compression  in  various  engines  is  carried 
anywhere  from  30  to  100  pounds  or  more. 
If  the  clearance  is  50  per  cent  of  the 
piston  volume,  the  compression  will  be 
about  ?J  pounds  absolute  ;  if  40  per  cent, 
55  pounds:  and  if  25  per  cent,  114 
pounds.  The  compression  can  be  calcu- 
lated as  explained  in  answer  to  the  in- 
quiry from  F.  A.  D.,  in  The  Technical 
World  for  Xovember.  1904  (page  361). 

Answer  3:  So  far  there  are  no  fixed 
rules  applicable  to  the  exact  size  of  the 
valves.  In  general,  the  extreme  diameter 
of  the  exhaust  valve  is  made  from  '  4  to 
.4  the  diameter  of  the  cylinder ;  and  the 
inlet  valve,  a  little  less,  sometimes  I  the 
diameter  of  the  cylinder. 

Answer   4:      For    finding   the    correct 


diameter  of  the  shaft.  si,7e  of  crank-pin, 
etc..  the  principles  arc-  the  same  as  those 
involved  in  the  details  of  steam  engine 
design.  For  determining  these  propor- 
tions,  we  should  refer  you  to  a  work  on 
Machine  Design,  such  as  "A  Manual  of 
Machine  Drawing  and  Design,"  by  Low 
and  Bevis ;  or  "Elements  of  Machine  De- 
sign," Part  II,  by  Lnwin. 


Thermostats 

Kindly  answer  the  following  questions 
through  the  Consulting  Department  of  The 
'1  ECHNICAL   Would  : 

Question  1:  What  kind  of  material  is  neces- 
sary to  be  used  for  thermostats  for  operating 
dampers,  etc?  Can  steel  and  aluminum  lx- 
used? 

Question  3:  How  can  the  lifting  power  of 
a  thermostat  be  calculated? — H.  C.  R. 

Answer  1:  Any  durable  and  cheap 
metal  with  a  high  coefficient  of  expan- 
sion, such  as  steel  and  aluminum,  is  suit- 
able for  a  thermostat. 

Answer  2:  The  lifting  power  of  the 
thermostat  itself  is  very  small,  and  in 
practice  it  is  not  relied  upon  directly  to 
operate  the  dampers.  The  thermostat 
simply  controls  valves  or  sets  in  opera- 
tion clockwork,  which  in  turn  control  the 
valves  operating  the  dampers.  The  less 
the  work  put  upon  the  thermostat  itself, 
the  better. 

The  force  produced  by  the  expansion 
of  metals  can  be  determined  by  the  for- 
mula expressing  the  modulus  of  elastic- 
ity: 


E  = 


P  X  / 


K   X  s 

in  which  P  is  the  force  in  pounds  per 
square  inch  ;  /,  the  length  of  the  bar  ;  K. 
the  sectional  area  ;  and  .?.  the  extension 
due  to  the  expansion.  The  modulus  for 
aluminum  is  about  1 1. 000.000:  and  the 
coefficient  of  linear  expansion  for  one  de- 
gree Fahrenheit  is  .00001234.  The  length 
of  the  bar,  the  cross-section,  and  the  elon- 
gation are  either  known  or  readily  deter- 
mined. By  substituting  in  the  above 
formula,  the  stress  per  square  inch  neces- 
sary to  give  the  elongation  can  be  de- 
termined. 
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Brown  Color  in  Steel 


Question:     How  can  the  brown  color  somt 
times  seen  in  steel  be  obtained? — W.  I'.  (J. 

Answer:  Apply  four  coats  of  the  fol- 
lowing solution,  allowing  each  several 
hours  to  dry.  Brush  after  each  coat  if 
necessary.  After  the  last  coat  is  dry,  rub 
down  hard. 

Sulphate  of  copper,   i  ounce. 
Sweet  spirits  of  nitre,   i   ounce. 

Distilled   water,    i    pint. 


Divided  Circuit  and  Resistance 

Question:  Kindly  give  me  a  formula  which 
will  apply  to  the  following  divided  circuit  to 
find  resistance  from  A  to  B.  The  formula  for 
divided  or  multiple  circuits  evidently  does  not 
apply,  as  the  circuit  does  not  seem  to  be  a 
true  multiple  circuit — or.  at  least,  1  cannot  see 
it  as  such. —  W.  H.  K 


(Continued) 

e{a-\-c)  {b+d)-\-ac(b+<t)-  bd{a 
e(a+b+c^d)+(a+b)(cuf) 


Answer:  The  solution  of  this  problem 
is  simply  an  application  of  the  laws  de- 
rived in  connection  with  Maxwell's  cycle 
method,  as  illustrated  by  the  accompany- 
ing triangfle  A  B  C.     It  is  evident  that  if 


we  disconnect  the  line  joining  A  and  B, 
then  the  resistance  between  the  points 
A  and  B  will  be  that  of  a  circuit  similar 
to  the  one  you  show,  although  a  little 
distorted,  it  is  true.  Denoting  the  differ- 
ent resistances  by  a,  b.  c.  </.  and  e,  we 
have,  according  to  the  formula:  Resist- 
ance between  .  /  and  B 


Substituting  the  proper  values,  we  obtain 
[42  6-7  ohms  as  the  resistance  between 
the  two  points,  which  is  the  required  an- 
swer. 


Operation  of  Pump 

Question:  Why  does  a  pump  sometimes  re- 
fuse to  lift  water  while  the  full  pressure  is 
resting  on  the  force  valves,  and  how  can  this 
difficulty  be  overcome?' — //'.  H.  A. 

Answer:  The  air  in  the  pump  cham- 
ber is  not  dislodged,  but  only  compressed 
by  the  motion  of  the  plunger.  The 
trouble  can  be  overcome  by  running 
without  pressure  until  the  air  is  expelled 
and  water  follows.  Place  a  check  valve 
in  the  delivery  pipe,  and  provide  a  waste 
deliver)  to  be  closed  after  the  pump  has 
caught  water. 


Evaporation  in  Open  Ponds  and  Reser- 
voirs—"Mean  Draught"  of  Pump 

Question  1:  Can  you  give  a  formula  by 
which  I  can  determine  the  amount  of  evapora- 
tion caused  by  atmospheric  conditions,  in  the 
case  of  a  reservoir  or  a  lake? 

Question  2:  (a)  What  is  meant  by  the 
"mean  draught"  of  a  pump?  (b)  How  is  it 
measured  ? — N.  S.  F. 

Answer  1:  There  are  no  reliable 
formula;  for  determining  the  amount  of 
evaporation  in  the  open  air.  for  the 
reason  that  this  varies  with  the  climate 
and  atmospheric  conditions.  Experi- 
ments made  some  years  ago  showed  the 
evaporation,  from  a  pan  in  the  river, 
equal  to  an  average  depth  of  '*  inch  per 
day,  throughout  the  year.  When  the  pan 
was  in  the  air.  the  average  evaporation 
was  less  than  3-16  of  an  inch  per  day. 
The  average  for  August  was  .'.  inch  per 
day;  and  for  March,  1-12  inch  per  day. 
The  above  results  were  obtained  in  Cali- 
fornia. 

At  Mount  Hope  reservoir,  Rochester, 
X.  V..  the  evaporation  was  5.55  inches 
for  the  month  of  July,  and  3.23  inches 
during  October.  These  observations 
show  that  there  is  nothing  verv  constant 
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about    the    rate   of  evaporation.      Under 

tht.'  influence  oi  warm  winds,  the  evapo- 
ration  would   be  greater   than   on  a  still 

day. 

Answer  z:  (a)  The  term  "mean 
draught"  refers  to  the  average  depth  of 
the  suction  of  a  pump.  It  is  the  distance 
from  the  water  level  to  the  suction  inlet 
on  the  pump,  (b)  The  mean  draught  is 
usually  measured  in  feet,  which,  of 
course,  can  be  reduced  to  pounds  pressure 
per  square  inch  by  multiplying  by  .433. 


Milling  Machine  Indexing 

Question:  In  a  recent  number  of  The  Tech- 
nical World,  you  gave  the  results  for  cutting 
the  three  sides  of  a  triangle,  but  the  method 
was  not  explained  in  detail.  Kindly  explain 
how  to  determine  the  number  of  turns  neces- 
sary to  cut  a  triangle  with  angles  90°,  75°,  and 
150,  on  a  machine  in  which  40  turns  of  the 
crank  are  required  for  one  revolution  of  the 
>pindle. — G.  F. 

Answer:  In  indexing,  it  is  first  neces- 
sary to  determine  the  angle  through 
which  work  must  be  revolved  from  any 
one  position  to  the  next  cutting  position. 
In  the  case  of  a  triangle,  the  angle 
through  which  the  work  must  be  turned 
is  found  by  subtracting  the  value  of  the 
angle  under  consideration  from  180°. 
For  instance,  in  this  case  we  have 

iSoc — 90°=  90 " 
1800— 7S°=io5° 

i8o°-i5°=i65° 


Xow.  supposing  the  work  to  be  placed 
in  the  chuck,  and  one  side  of  the  right 
angle  cut.  then  in  order  to  cut  the  other 
side  of  the  right  angle,  we  must  revolve 
the  work  through  90°.  We  multiply  the 
number  of  turns  of  the  crank  required  for 
one  revolution  (40)  by  a  fraction  whose 
denominator  is  always  3<5o°  and  whose 
numerator  is  the  required  angle  through 
which  the  work  is  to  be  revolved. 

We  have  then  40  x  5\0o  (=  io)  turns. 
<  hve  the  crank  io  turns,  and  cut  the  sec- 
i  md  side  of  the  right  angle. 

We  have  next  40  x  \%l  (=  n|)  turns, 
the  number  necessary  for  cutting  the 
third    side. 


The  next  step  gives  us  40  x  \\%     (= 

iS'.j  turns,  which  number  of  turns 
would  bring  the  work  back  to  its  original 
position. 

There  is  no  trouble  in  giving  the  crank 
a  complete  number  of  revolutions.  To 
give  a  fractional  turn,  such  as  §,  choose 
an  index-plate  having  a  circle  with  a 
number  of  holes  that  can  be  divided  by 
the  denominator  of  the  fraction — in  this 
instance  by  3.  A  plate  with  jo  links 
would  be  convenient  in  this  case;  and  to 
give  |  of  a  turn  of  the  crank,  we  should 
pass  the  pin  over  §  x  30  (=  20)  holes. 
For  ..',  of  a  revolution,  we  pass  the  pin 
over  .',  x  30  (=  io)  holes.  The  proof  of 
the  operation  is  that  the  complete  number 
of  revolutions  of  the  crank  brings  the 
work  back  to  its  original  position:  thus. 
io  turns  +  Ilf  turns  +  I&J  turns  =  40 
turns,  the  number  necessary  for  one  revo- 
lution of  the  spindle. 


Producer  Gas 

Question:  What  is  Producer  Gas?  How  is 
it  made?     What  are  its  advantages? — /.  A.  D. 

Answer:  The  product  of  gas  produc- 
ers, which  is  the  cheapest  form  of  energy 
from  fuel,  is  called  Producer  Gas.  It  is 
used  for  heating  and  furnace  work,  and 
as  a  motive  power  for  driving  gas  en- 
gines. For  any  of  the  above  purposes, 
it  is  much  cheaper  than  either  illuminat- 
ing gas  or  coal  fires,  the  calorific  value 
being  about  140  B.  T.  U.  per  cubic  foot. 

This  gas  is  made  by  passing  a  mixture 
of  steam  and  air  through  an  incandescent 
fuel  bed  in  a  closed  gas  producer.  Noth- 
ing" but  ash  remains  after  the  fixed  gases 
have  been  removed  from  the  fuel.  For 
use  in  gas  engines  and  where  burners  are 
used,  the  gas  must  be  cooled  and 
scrubbed. 

For  furnace  work  the  hot  gas  is  led 
directly  to  the  furnace  from  the  producer 
without  cooling  or  scrubbing.  Care  must 
be  taken  that  neither  too  much  steam  nor 
too  much  air  be  taken  in.  as  the  gas  must 
be  of  uniform  quality. 

The  advantages  are :  Low  fuel  cost, 
maximum  efficiency  for  fuel,  maximum 
economy  for  power,  absence  of  smoke, 
small  space  required,  and  no  skilled  labor 
needed. 
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Important  Central  Station  Contract 

The  Crocker-Wheeler  Com  pany, 
through  its  Pacific  Coast  managers,  the 
Abner  Doble  Company  of  San  Francisco, 
has  secured  a  contract  from  the  Cali- 
fornia Gas  &  Electric  Corporation  for 
three  4000-kilowatt  25-cycle  3-phase,  13,- 
200-volt  Crocker-Wheeler  type  alterna- 
tors. These  machines  will  furnish  cur- 
rent to  operate  the  United  Railroads  of 
San  Francisco,  in  accordance  with  a  con- 
tract recently  secured  by  the  California 
( ias  &  Electric  Corporation.  They  will 
be  direct-connected  to  Snow  gas  engines, 
the  largest  in  the  world  for  such  service. 
The  generators  are  to  be  of  the  revolv- 
ing-field type  of  machine  recently 
brought  out  by  the  Crocker-Wheeler 
Company  ;  and  the  securing  of  the  con- 
tract indicates  that  the  important  position 
this  company  lias  held  in  the  direct-cur- 
rent field'  is  also  to  be  maintained  in  the 
alternating  line.  The  generators  are  to 
operate  at  88  revolutions.  The  installa- 
tion of  these  engine-driven  generating 
units  In  San  Francisco  will  mark  an  im- 
portant step  for  the  transmission  com- 
pany, as  they  will  operate  in  parallel  with 
the  water-power  plants  of  the  company, 
and  thus  serve  as  an  important  reserve 
plant  for  the  entire  system.  One  of  the 
units  will  be  used  exclusively  for 
handling  the  peak  load  on  the  railway 
lines. 


American  School  Club  in  Canada 
HTI  IE  interest  and  enthusiasm  displayed 
*  by  the  students  of  the  American 
School  of  Correspondence  in  Toronto, 
Ontario,  was  recently  manifested  in  the 
organization  of  a  club  known  as  the 
American  School "  Club,  the  object  of 
which  is  to  provide  a  reading  room  and 
lectures  on  educational  subjects  for  the 
benefit  of  its  members.  About  twenty- 
five  students  inaugurated  the  movement 
leading  to   the   establishing   of   the    club. 


and  a  preliminary  meeting  was  held  Sep- 
tember 20,  1004.  at  which  a  permanent 
organization  was  effected.  Mr.  Herbert 
Terry,  past  president  of  the  Engineers' 
Association,  of  Toronto,  was  chosen 
president  of  the  club,  and  arrangements 
were  made  For  a  lecture  every  two  weeks. 

The  first  lecture  was  given  <  >ctober  25, 
by  Ah".  Ilarkum.  general  superintendent 
of  the  Canada  Foundry  Company,  whose 
subject  was  "The  Successful  Engineer." 
The  next  meeting  of  the  club  on  No- 
vember 8  was  devoted  to  a  "Chalk  Talk 
on  Electricity"  by  Air.  Wright,  of  the 
Canadian  General  Electric  Company. 
The  attendance  at  this  meeting  reached 
125  ;  and  it  had  risen  to  200  on  November 
22,  when  Air.  C.  II.  Acton  Bond  ad- 
dressed the  members  on  the  subject  of 
"Architecture."  On  December  20,  an  il- 
lustrated lecture  on  "Electrical  Aleasure- 
ments"  was  given  by  Air.  G.   |.  Manson. 

The  great  interest  that  has  been  mani- 
fested by  members  in  the  meeting  of  the 
American  School  Club,  together  with  the 
large  attendance  called  out  by  the  lect- 
ure-, gives  the  stamp  of  success  to  the 
movement. 

*** 

Everything  Goes 

HP  I  I  E  use  of  dogs,  goats,  and  sometimes 
A     sheep,    for  drawing  vehicles,   is   fre- 
quently   recorded    in    stories   about    these 


Pressed  Into  Service. 
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animals,  but  il  is  a  question  if  a  rooster 
has  ever  before  been  harnessed  for  this 
purpose.  A  fanner  out  in  Iowa  thought 
one  of  his  Shanghais  was  large  and 
strong  enough  for  the  purpose,  and  made 
a  harness  of  cord  1>\  which  the  fowl  was 
attached  to  a  little  go-cart.  The  accom- 
panying photograph  shows  the  rooster 
hitched  to  the  cart,  in  which  is  seated  the 
fanner's  little  sun.  Including  the  boy 
and  the  cart,  the  rooster  has  to  draw  a 
weight  of  about  thirty  pounds,  but  hauls 
the  load  around  the  yard  without  diffi- 
cult v.  The  reins  are  merely  ornamental. 
as  he  is  guided  by  someone  going  in  from 
and  coaxing  him  with  corn  or  other  food. 


Renewable-Seat  Valves 

17'  d\  places  where  extreme  steam  pres- 
*■  sure  is  used,  and  where  wear  and 
tear  on  valves  are  severe,  an  improvement 
has  recently  been  introduced,  the  details 
of  which  are  shown  in  Fig.  i.     The  im- 


Fig.   1.  Fig.  2. 

Types  ok  Renewable-Seat  Valves. 

provement  consists  of  a  removable  seat 
for  globesand  angle  valves.  By  unscrew- 
ing the  nut  on  the  bottom  of  the  valve, 
all  the  parts  become  removable  and  ac- 
cessible from  the  top.  thus  making  it  con- 
venient to  .replace  any  worn  part,  or  to 
substitute  a  aiew  seat  or  disc  when  re- 
quired. The  disc  is  attached  to  the  stem 
by  a  slot,  making  it  easy  to  remove  and 
replace.  The  disc  and  seat  can  also  be 
removed,  and  the  two  ground  together  if 
neccssarv, 


In  reassembling  the  valve,  the  seat  is 
replaced  and  die  nnt  on  the  bottom  of  the 
valve,  which  holds  the  seat  in  place,  is 
lightened  ;  the  bonnet  is  then  screwed  on, 
and  this  valve  may  be  closed  ready  for 
service.  These  valves  are  also  con- 
structed so  that  they  can  be  packed  when 
open,  without  the  steam  escaping.  To 
do  this,  the  valve  should  be  opened  wide. 

The  renewable  parts  of  these  valves 
.ire  made  of  a  special  hard  composition, 
which,  it  is  claimed,  will  outlast  many 
times  the  material  employed  in  ordinary 
valves. 

Fig.  2  illustrates  a  self-packing  radi- 
ator valve  which  was  designed  to  avoid 
leak\-  stuffing-boxes  and  the  consequent 
escape  of  steam  and  water,  which  fre- 
quently results  in  damage  to  floors,  walls, 
and  ceilings.  It  has  been  found  impos- 
sible to  make  a  self-packing  valve  in 
which  two  metallic  parts  grind  together, 
as  these  parts  soon  become  worn  and  the 
valve  leaks.  This  is  obviated,  in  the 
valve  illustrated,  by  the  use  of  a  piece  of 
vulcanized  rubber  between  the  metallic 
parts,  which  makes  a  perfectly  satisfac- 
tory seat :  and  if  for  any  reason  the  vul- 
canized rubber  becomes  injured,  a  new 
piece  can  readily  be  inserted.  The  Crane 
Company,  which  makes  both  of  the  tvpes 
of  valves  here  shown,  states  that  they 
have  both  been  tested  thoroughly  in 
actual  service,  and  have  given  uniformly 
satisfactory  results. 


Recently  Graduated 

r"THE     following    students    have    been 

■*■    graduated  from  the  American  School 

of    Correspondence    since    the    January 

number  of  The  Technical  World  was 

issued : 

Alvarez.  Luis  B.,  New  Orleans,  La. — 
Course:     Electrical. 

Anderson.  Chas.  L..  Chicago.  111. — Course: 
Stationary. 

Asquith,  Albert,  Northboro,  Mass. — Course: 
Locomotive. 

Ayson,  Ernest  E.,  Otago,  New  Zealand — 
Course:     Electrical. 

Biddle,  John  E.  Win.,  Auckland,  New  Zea- 
land— Course  :     Elementary   Electricity. 

Bootsgezel,  J.  J.,  Groningen,  Netherlands — 
Course :     Mechanical-Electrical. 

Bruischaart,  C.  Walworth,  N.  Y. — Course : 
Elementary  Electricity. 
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T=======l    COMPRISING  — ' 

Chicaigo  City  Mortgages, 
High-Gra.de  Industrial  Bonds, 
Chicago  Real  Estate  Bonds, 
Corporation    and    Railroad    Bonds 

=====   NETTING    ====== 


4 


0 


TO 
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These  securities  are  in  convenient  denominations  suitable  for  the  investment  of  funds 
of  all  sizes,  and  because  of  their  conservative  and  non-speculative  character  are  especially 
desirable  for  the  investment  of  savings  and  trust  funds.  C,  Investors  who  appreciate  such 
securities  are  invited  to  send  for  our  current  lists  of  bonds  and  mortgages,  and  other 
interesting  investment  literature,  together  with  "Our  Experience  with  Serial  Bonds." 

Peal>ody;IIoiigliteling  &Co. 


1214    First    National   Bank    Building. 

Established    1865) 


CHICAGO 


Corliss-Coon  Styles 
Lead 

An    original     Corliss-  Coon 
design.      Introduced    as   a 
mid-summer  collar  in  1904. 
Low  yet  appears  high. 
Combines    absolute  com- 
fort with  style, — lots  of  it. 
Instantly     adopted    by 
well-dressed    men.      Sold 
well  all  winter. 

Will  dominate  spring  and 
summer  styles  for  1905  as  no 
other  shape  has  in  years. 
*       * 

Say  "Corliss-Coon's"  Outing  to  your 
furnisher.  Reasons: — Attempts  have  been  made  to  copy 
under  other  names.  "Outing"  has  style,  plenty  of  tie  space, 
fits  and  sets  well.  Wears  like  iron.— read  "How  Many 
Trips  to  the  Laundry."  J^*" 
Quarter  sizes. 


Ask  your  furnisher  for  Corliss- 
Coon  Collars.     If  lie  won't  supply 
mail  at  15c  each, 
for    the    book. 
It    shows    the 


you,  we  will  by 

2  for  25c.       Write 

"Better  Collars." 

styles  and  tells  why  better  collars. 


consros 
2   £$ 


DON 


CORLISS,  COON   6    CO.        Dept.  TW        TROY,  N.  Y. 


How  Many  Trips  to  the 
Laundry? 

If  you  want  to  know  which  brand  of 
collars  is  best  value,  take  an  indelible 
pencil  and  mark  one  each  of  several 
brands  (any  price),  every  time  they  go 
to  the  laundry.  Then  you  can  see  which 
you  get  the  most  wear  out  of  before  you 
throw  it  away. 

Corliss-Coon  Helmet  Brand  Collars 
will  get  the  must  marks.  Try  Tt  and 
see.    The  reasons  are: 

Four  Ply,  best  material:  interlinings 
cutaway  at  the  point  where  flexibility  is 
needed— at  bilds  where  other  collars 
break  first. 

In  standing  styles,  gutter  seams  and 
overcast  stitching. 


Mention   The  Technical  World. 
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We  teach  you  by  mail;  appoint  you  our  special 
representative;  list  with  you  all  our  choice  salable 
i  lies  and  investments;  help  you  secure  custo- 
mers: co-operate  with  you  ami  assist  you  to  a  quick 
success.  Do  not  spend  the  best  days  of  your  life  work- 
ing for  others,  when  you  can  make  an  independent 
fortune   for  yourself. 

Rial  Estate  offers  better  opportunities  than  any 
other  business,  to  men  without  capital.  We  also  teach 
you  General  Brokerage  and  Insurance  Business. 

One  of  our  correspondents  writes,  "  I  have  re- 
ceived more  real  good  from  your  method  the  past  few 
days  than  from  contact  with  a  real  estate  agent  for 
three  years."  Another  writes:  "Too  much  cannot 
be  said  in  praise  of  your  institution."  Hundreds  of 
others  make  similar  statements.  Write  for  particu- 
lars and  Free  BooKlet.     It  will  interest  you. 


H.  W.  CROSS  $  CO. 

906  Tacoma  Bldg.,    Chicago 


Technical 


• 


Everyone  who  wishes  to  keep 
thoroughly  posted  on  now  auli 
standard     publications    on 

scientific  sub  jects  should  send  for 
our 

New  Classified  Catalogue 
of  Technical  Books 

especially  prepared  by  THE  SO; 
f'IFTV  FOR  THE  PROMOTION 
OF  ENGINEER!  NG  EI  )TTOATION, 
which  will  be  mailed  FKKE  to  any 
address.  Our  Monthly  Bulletin, with 
a  special  list  of  new  books  of  this 
kind. will  also  be  of  great  value.  A«k 
to  hare  this  sent  to  your  art- 
dress  regularly. 

We  carry  at  all  times  a  large  and 
carefully  assorted  stock  of 
Books  oa  Engineering,  Mining,  Elec- 
tricity, Assaying,  Medicine 
and  all  scientific  subjects. 

A.  C.  McClurg  &  Co. 

'1 1 5-99 1  Wabash  Ave.     Chicago 


RECENTLY  GRADUATED-l.  Continued) 

Camacho,  Alex.  V.  Antigua,  British  West 
Indies     Course :     Electric  Lighting. 

Carsley,  Geo.  F.,  Boston,  .Mass  — Course: 
Electrical. 

Carter,  Frederic  W.,  New  Bedford,  Mass.— 
('nurse:     Electrical. 

Chambers,  Guy  Arthur.  Gisborne,  New  Zea- 
land— Course  :    Electrical. 

Clark,  Clarence  E.,  Albany,  X.  Y— Course: 
Electrical. 

Clough,  John  S.,  North  Haverhill,  N.  11,-- 
Course  :    Mechanical- Klectrical. 

Crapnell,   Clay.   Joy.    111. — Course:      Station- 

■"> 

Creveling,  Chas.  S..  Bloomsbury,  N.  T. — 
Course :     Electrical. 

Davis.  J.  Alder,  Amherst,  Nova  Scotia  - 
Course:     Electrical. 

Day.  A.  J.,  Jacksonville.  Ma. — Course: 
Electrical. 

Dow  lin».  Harold  L.,  St.  Louis,  Mo. — 
C<  mrse  :     Electrical. 

Dunbar,  Ernest  A.,  Orange,  Mass. — Course: 
Stationary. 

Eames,  Henry  H..  West  Somerville,  Mass. — 
Course :     Shop  Practice. 

Edgecomb,  Henry  R.,  Edgewood  Park,  Pa. — 
Course:     Electrical. 

Edward,  C.  Louis.  East  Hampton,  Long 
Island,  N.  Y. — Course:     Marine. 

Enright,  Michael  F.,  Temuka,  New  Zealand 
— Course  :     Marine. 

Ferguson,  Carl  L.,  Ridgeville,  Ind. — Course: 
Electrical. 

Fernstrom,  Herman  O..  Basel.  Switzerland 
— Course  :     Complete  Mathematics. 

Ferry,  D.  S.,  Broomheld,  W.  Va. — Course  : 
Electrical. 

Fessenden.  C.  R.,  Hamilton,  Ont. — Course  : 
Mechanical-Electrical. 

Fink.  Herman  J.,  Minneapolis,  Minn. — 
Course :     Heating.  Ventilation,  and   Plumbing. 

Frease,  George  E.,  Youngstown,  Ohio — 
Course:     Electrical. 

George,  E.  M..  Gaffney,  S.  C. — Course:  Elec- 
trical. 

Gowell,  Robt.  N.,  Fitchburg,  Mass. — Course: 
Electrical. 

Graves,  Kinzie  A..  Mexico,  N.  Y. — Course: 
Electrical. 

Hall.  Jno.  L.,  Downer's  Grove,  111. — Course: 
Electrical. 

Henderson,  Jas,  H.,  Hyde  Park,  Mass. — 
Course :     Stationary. 

Higgins,  A.  E.,  San  Diego,  Cal. — Course: 
Mechanical  Drawing. 

Hiler,  Frank  E.,  Joliet,  111. — Course:  Loco- 
motive. 

Hill,  Arthur  St.  John,  Norwalk,  Conn- 
Course  :     Electrical. 

Hudson,  T.  P.,  Houston.  Texas  —  Course  : 
Engineers'   Course. 

lines,  Jason.  Audubon,  Iowa — Course:  Elec- 
trical. 

Jaeger,  Chas.  T.,  Tacoma.  Wash. — Course : 
Electrical. 

Jordan,  S.  R.,  Honolulu.  Hawaii— Course : 
Electrical. 
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Andrews  Desks  and  Office  Furniture 

Fine  office  furniture  lends  an  air  of  pros- 
perity and  success  which  is  worth  many  times 
its  cost.  Many  banks  and  business  houses 
have  dated  their  real  success  from  the  time 

of  equipment  with  Andrews  furniture.    The 

furniture  and  fittings  of  the  largest  and  most 
|    prominent  banking  institutions  in  the  coun- 
try  are  the  product  of  our  factories.      We 
have  fitted  out  over  5000  banks. 

Andrews  Designs  and  Andrews  Quality 

possess  a  distinction  all  their  own.      Discriminating  buyers  for  bis;  corporations  investigate  elsewhere 
and  buy  of  us.      Our  stock,  the  largest  in  America,  comprises  every  grade  and  kind  from  yt*j~~ 
the  simple  office  table  to  the  elaborate  manager's  desk.      Our  special  line  of  stenographer's  W" 
~\  desks  and  chairs  are  the  best  and  cheapest  in  the  market.  r  k 

We  solicit  the  correspondence  of  those  open  to  a  proposition  to  refit 
their  offices  either  partially  or  completely. 

Steel  Rod  Chairs  and  Tables 

COPPER  PLATED.  I NDESR  UCTIBLE. 

For  Cafes,   Ice  Cream  Parlors,   Soda  Fountains,   Offices,  etc. 

Catalogue  A— High  Grade  Office  Furniture.        Catalogue  B  —  Medium  Grade  Office  Furniture. 
Catalogue  C  —  Office  Chairs.        Catalogue  D—  Steel  Rod  Chairs  and  Tables. 

The  A.  H.  Andrews  Company,  170  Wabash  Avenue,  Chicago 

~mi  m  Mini ■iiill m mi         '    11 in      m 


Spangenberg's  Steam  and  Electrical  Engineering. 


695  Pages 


A  complete  Library  in  one  vol. 
648  Illustrations 


Price,  $3.50 


Spangenberg^    157   Questions   and   Answers   Re- 
lating to  Steam  Engineering. 

192  Pages  Price,  75  cents 

(This  book  is  for  beginners  only) 

Spangenberg's  Practical  Arithmetic,  Self-Taught. 


228  Pages 


Price,  50  cents 


These  three  books  sent  prepaid  on  receipt  of  «p4*UU 

GEO.    A.    ZELLER 


20    SOUTH    FOURTH    STREET 

Publisher 


ST.  LOUIS.    MO. 
Established  1870 
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HAVE    YOU   WORN   THEM? 


Not  "celluloid"  —  not'  "paper  collars,"  but  made  of 
fine  cloth,  exactly  resemble  fashionable  linen  goods, 
and  cost  of  dealers,  for  box  of  ten,  25c.  (2'/2  cts.  each). 

NO     WASHING     OR     IRONING 

When  soiled,  discard.     By  mail,   10  collars  or  5 
pairs  Of  cuffs,  for  30c.     Sample  collar  or  pair  of 
cuffs  for  6c.  in  U.  S.  stamps.    Give  size  and  style. 
REVERSIBLE  COLLAR  CO.,  Dept.  W.,  BOSTON,  MASS. 


Good  Tools 
Good    Work 


You  may  do  good  work  with  poor 
tools,  if  you  can  get  no  better. 
But  what  do  you  think  of  a  work- 
man who  can  have  the  best,  and 
works  with  second  best  ? 

Devoe  artists',  draughtsmen's,  en- 
gineers' ,  sketching  and  draughting 
supplies  are  of  the  quality  best 
workmen  want;  the  name  Devoe 
is  a  sign  of  quality,  always. 
It  will  pay  you  to  be  sure  of 
getting   Devoe   materials. 


RECENTLY  GRADUATED- 1 Concluded) 

Julian.  Victor  II.,  Ridgefarm,  111. — Course: 
Electrical. 

Keithline,  Samuel  P.,  Wilkes  Barre,  Pa. — 
Course :     Electrical. 

Klein,  Floyd  A..  Chicago,  111. — Course: 
Mechanical  Drawing. 

Kreusch,  Albert,  Tonawanda,  X.  Y. — Course: 
Li  "■<  imotive. 

Lamb,  X.  Edw.,  Taunton,  .Mass. — Course: 
Electrical. 

(  >sborne,  Matthew,  Wellington,  New  Zea- 
land— Course  :     Elementary  Electricity. 

Parrotf,  Louis  X.,  Lebanon,  111. — Course: 
Electric  Lighting. 

Pierce,  Eugene,  llion,  X.  V. — Course:  Me- 
chanical. 

Pray,  Henry,  Traverse  City.  Mich. — Course: 
Electrical. 

Rose.  Cassius  C,  Paducah,  Ky.  —  Cours<  : 
Electric  Wiring. 

Rosene,  L..  Chicago,  111. — Course:  Electrical. 

Roush,  Leroy  C,  Chicago.  111. — Course: 
Electrical. 

Schneeberger,  Boyd,  Gabon,  Ohio — Course: 
Electrical. 

Shannon.  Irvine.  Hoboken,  X".  J. — Course: 
Electrical. 

Sheadel,  James  B.,  Churubusco,  Ind. — 
Course:     Electrical. 

Siebler.  Matthew,  Dayton.  Ohio — Course: 
Mechanical. 

Silverthorne.  Henry  B.,  Brooklyn.  X.  Y. — 
C<  iurse  :     Electrical. 

Smith,  Lester  I.,  Buckmanville,  Pa.— Course : 
Locomotive. 

Smith,  Ralph,  Warrensburg,  X.  Y.— Course : 
Electrical. 

Sturgill.  Perry,  Glen  Roy,  Ohio  —  Course: 
Engineers'  Course. 

Sweatt,  J.  O.,  Sault  Ste.  Marie.  Mich.— 
Course :     Perspective   Drawing. 

Temple,  Allen  Porter,  Lindale,  Ohio — 
Course:     Electrical. 

Thineman,  Ed.,  Wanatah,  Ind. — Course : 
Electrical. 

Torrey,  C.  E.,  Sault  Ste.  Marie,  Out. — 
Course :     Electrical. 

Torrey.  Escar  J.,  Winchester.  Mass. — Course: 
Electrical. 

Vandergrift,  Jas.,  Showell,  Aid. — Course: 
Locomotive. 

Weatherhead,  0.  L.,  Goshen,  Ind. — Course  : 
Electrical. 

Wilson,  J.  F.,  W.  Hutchinson.  Kan. — Course: 
Electrical. 

Yearsley,  John  H.,  Menan,  Idaho — Course: 
Mechanical. 


Centrifugal  Fans 
Messrs.  Spox  &  Chamberlain,   123 
Devoe    &    Raynolds    Company  Liberty   St..   New   York  City,  have  an- 

nounced for  publication  an  important 
new  book  by  J.  H.  Kinealv,  M.  Am.  Soc. 
A  I.  E.,  on  the  design  and  construction 
of    Centrifugal    Fans,    fully    illustrated 
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ENGINEERS'  AND  MACHINISTS'  SUPPLIES 

A  full  line  of  all  Supplies  used  in  the  engine  room  and  machine 
shop.      Send  for  o\jr  MEN'S  CATALOGUE.      It  contains: 

almost  700  pages  devoted  to  illustrating,  describing,  and  pricing  the  goods  that  interest  single  men.  We  have 
gone  through  our  famous  catalogue  and  buyer's  guide  No.  73— the  catalogue  we  advertise  so  extensively  for  home 
owners— and  omitted  everything  of  no  interest  to  single  men.  The  revised  book  which  we  call  the  Men's  Abridged 
Edition,  contains  everything  for  men.  Almost  700  pages  of  reliable,  low  priced  merchandise.  No  matter  what  your 
occupation  is  or  where  you  live,  you  will  find  just  what  you  need  in  the  Men's  Abridged  Edition.  Tools  of  all  kinds, 
hardware,  game  traps,  bicycles,  guns,  sporting  and  athletic  goods,  camping  outfits,  harness,  photo-goods,  electrical 
supplies,  telephones,  band  instruments,  musical  goods,  books,  watches  and  jewelry  for  men,  men's  wearing  apparel 
of  every  description,  including  shoes,  fur  ulsters,  hats,  gloves,  umbrellas,  etc.— about  60,000  different  articles  in  all. 
The  Men's  Simply  send  a  postal  and  ask  for  our  Men's  Abridged  Edition,  and  we  will  send  it  with  our 

Abridged  Edition    compliments,  all  charges  paid.  We  want  every  unmarried  man  in  this  country  to  have  a  copy 
is  Free  of  the  Men's  Abridged  Edition.     It  will  pay  you  to  keep  a  copy  for  reference.     We  have 

everything  you  use:  the  prices  are  so  much  lower  than  those  you  are  accustomed  to  paying,  that  you  will  be  sur- 
prised. Don't  buy  tools  of  any  kind,  harness,  hardware,  clothing,  or  in  fact  anything  until  you  have  seen  the  Men's 
Abridged  Edition— we  will  send  it  the  moment  your  request  is  received. 


Clamp  Vise,  20c       Outside  Calipers   Inside  Calipers 
.-Ww       c;n^  ^a    54c 


Double  Square 

r""""j" t^^ i 


r 'i'"''!1'1!!"'1 '2 Iw! 

1 

[ I,,,!,,!,,,,,, ,1;,!,, 

$1.06 

■•^X 

\ 

L_[ 

Cornbinat.on 
inclinometer,  $3.bo 


MONTGOMERY  WARD  ®  CO., 


Michigan  Avenue,  Ma-disorv  a.r\d    PKirao'n 
Washington  Streets  VUlCttgU 
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The   Frederick   Post   Co. 
Makers 


28  Reade  Street 
New  York 


216  So.  Clark  St. 
Chicago 


the  CALCUMETER 

iS  ETC. 

$0fl 


ADDS    MUUTIPUES   ETC. 

RAPID.  ACCURATE. 

5^_           ■sSSa                      C      SERVICEABLE.  SMALL. 
—  PERFECT  CONSTRUCTION.  liV 
oz./>  OAz.y  <w  /rs  J     AUTOMATIC  CARRIER 
MERITS                I    CORRECT  ADDITIONS  MAKE  EMPLOYEES 
-^-1                 SERVICES    VALUABLE. 

WRITE  FOR  CATALOGUE  N2  II  AND  10  DAY  FREE  TRIAL 

THE  MORSE  e  WALSH  CO..  TRENTON,  N.J. 


The  World's  Headquarters  for 

Electric  Novelties  and  Supplies 

If  It's  Electric  We  Have  It.    We  Undersell  AIL 

XmasTree  Lamps  and  Battery t  3.00 

Battery  Table  Lamp S.OO 

Battery  Hanging  Lamp 10.00 

Telephone, complete 2.50,    5.95 

Electric  Door  Bells 1.00 

Electric  Carriage  Lamps 5  00 

Electric  Lanterns 2-00,    3.00 

$8.00  Medical  Batteries 3.95 

812.00  Belt,  with  Suspensory 2.50 

Telegraph  Outfits 2.00 

Battery  Motors 75c  to  12.00 

Battery  Fan  Motor 6.50 

Bicycle  Electric  Lights 3.50 

Electric  Railway 3.25 

Pocket  Flash  Lights 1.00  to    2.50 

Necktie  Lights 90c,  1.00  and    1.2o 

OHIO  ELECTRIC  WORKS,  Cleveland,  0. 

Agents  Wanted.    Send  for  New  Catalogue  Just  Out. 


PERSONAL  AND  MISCELLANEOUS  -  (Concluded) 

from  original  drawings  with  many 
formulas  and  tables.  This  is  the  most 
comprehensive  treatise  on  this  important 
subject  ever  published,  and  will  prove  of 

great  value  to  draftsmen  and  all  engi- 
neers  interested   in   fan   efficiencies. 

Personal  Notes 

Henry  C.  Mortimer,  Ju..  of  the  Gen- 
eral Electric  Inspection  (unman}-,  has 
joined  the  New  York  office  staff  of  the 
Crocker- \\  heeler  Company.  He  will  as- 
sist F.  B.  DeGress,  manager  of  that 
office,  and  will  succeed  A.  J.  Thompson, 
who  has  accepted  a  position  with  the 
New  York  Branch  of  the  Bullock  Elec- 
tric .Manufacturing  Company. 

Mr.  C.  W.  Whitney  has  resigned  his 
position  as  Pacific  Coast  Representative 
of  the  McGraw  Publishing  Company, 
Xew  York,  and  has  become  identified 
with  the  Abner  Doble  Company  of  San 
Francisco,  Cal..  engineers  and  manu- 
facturers of  tangential  water  wheels  and 
needle-regulating  nuzzles.  Mr.  Whitney 
will  have  charge  of  the  Abner  Doble 
Company's  publicity  department. 

Queen  &  Company  (Inc.),  of  Phila- 
delphia, makers  of  scientific  appliances, 
have,  to  meet  the  increased  demands  of 
their  business  removed  their  instrument 
factory  from  Filbert  street  to  the  spa- 
cious Cornelius  Building,  817-831  Cherry 
street.  This  move  supplies  the  greater 
space  and  improved  facilities  required  at 
the  present  time. 

Mr.  Thomas  Melvin,  who  has  just 
completed  the  Electrical  Course  in  the 
American  School  of  Correspondence  in 
a  very  creditable  manner,  has  leased  the 
electric  lighting  plant  at  Bowling  Green, 
Mo.,  with  option  to  buy.  and  intends  to 
make  several  changes  and  improvements 
in  the  near  future. 
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CRANE  Nm  VALVES 

UNION   BONNET,   REGRINDING 

For  pressures  up  to  175  lbs.  steam.  Tested  to  250  lbs.  hydraulic.  May  be  reground 
without  detaching  from  pipes.  May  be  packed  when  open.  Extensively  used 
where  a  PERFECTLY  RELIABLE  VALVE  is  required. 


New  York 
Philadelphia 
Baltimore 
Cincinnati 
St.  Louis 
Kar.sas  City 
Sioux  City 
St.  Paul 
Duluth 
Omaha 


Write    for    Complete     VocKe*    Catalogue 

CRANE  CO. 

CHICAGO 

ESTABLISHED     1855 


Minneapolis 

Salt  Lake  City 

Los  Angeles 

San  Francisco 

Portland.  Ore. 

Seattle 

Spokane 

Birmingham 

Memphis 

Dallas 


are  the  standard  for  accuracy,  workmanship,  design   and 
finish.      Whether  you  use  tools  to  earn  your  daily  bread 

or  for  amusement  and  relaxation  from  a  different  vocation,   it  pays  to  use  GOOD   tools. 

You  can  get  a  better  quality  of  bread  and  a  good  deal  more  pleasure.      Use  Starrett  Tools. 

Send  for  Catalogue  No.  17G.     176  pages,  illustrated,  free 

THE  L.  S.  STARRETT  CO.        Athol,  Mass,  U.  S.  A. 


u 


Star"  Lathes 


Foot  and 
Power... 


High  grade  screw  cutting  engine  Latins,  with  forged  crucible 
steel  hollow,  spindles,  phosphor  bronze  bearings,  gear-driven 
reversible  feeds  with  strung  friction  drive  in  apron,  patented 
spring  nuts  which  allow  quick  shift  "f  change  geai 
Draw-in  Chuck,  Gear-cutting,  Milling  and  Taper  Attachments 
if  desired. 


Suitable  for  electrical  and  repair  work,  model  makers, 
gunsmiths,  technical  school.,  and  fine,  accurate  ma- 
chine   hop  and  too1  room  service.  Ask  for  Catalog  B. 


(78) 


The  Seneca  Falls  Mfg.  Co. 


9  and  11  inch       < 

l     9,  11, 12,  14  inch 


!  ST  AT? ' '       Foot  Lathes 


115  Water  Street 


Seneca  Falls,  N.  Y.,  U.  S.  A. 


Power  Lathes 


Lunkenheimer  "Duro"  Blow-Off  Valves 

Made   in   sizes   ij£    to  3  inches  inclusive,   either  Wearing  parts   made   of  the  best  Bronze   Com- 

screw  or  flanged  ends.  position. 

Seat   self  cleansing.       No    sediment    can    lodge  Strong  and  durable  in  construction,  and  will  last 

thereon.  a  lifetime. 

All  parts  can  be  renewed  when  worn.  Disc  can  be  reversed  when  worn  on  one  side. 

Specify   LUNKENHEIMER   "Duro"  and  order  Notify  us   if   your    local    dealer   cannot   furnish 

from  your  dealer.  them. 


THE  LUNKENHEIMER   COMPANY 

Largest  Manufacturers  of  Engineering  Specialties  in  the  World 
Main  Offices  and  Works:  CINCINNATI,  OHIO,  U.  S.  A. 


"Branches 
Ren  fork: 26 Cortland  St.        Philadelphia    1488  S8 Callowhlll  si. 

Nen  Orleaaai  Tnlane  \.»r Bid*.    Denren  ES6-81  ■ajrall*  Itldit. 

London:  :(."■  Ores)  Dover  si.  Parki  84  liuiilrvard  Volialre 
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Jessop  Steel  Company 

Washington,    Pennsylvania 

MANUFACTURERS     OF 

Crucible  Sheet  Steel 

of  superior  quality,  for  Circular  Saw  Plates, 
Cross-cut.  and  all  long  Saws,  Billet  Web, 
and  all  short  Saws:  also  Rollers  of  Dead 
Soft  and  Three-Pass  Cold-Rolled  Sheets. 


Correspondence        Solicited 


THE 


DER* 


^M^\ 


HOW  EVERYBODY    CAN  HATE  AS  ADDING  MA- 
CHINE. The  ingenious  plan  of  the  LocUp  Adder 
.voids  all  use  of  complicated,  costly  mechan- 
ism, and  places  it  within  the  reach  of  all.  WiHJ 
ido  more  wort  than  machines  costing  hundreds  of 
-dollars.  Capacitv,  999.999.999.  Write  for  free 
booklet.  Agents  wanted.  C.E. LOCKS 
BKG.  CO.,  32  Walnut  Street, 


$5.00 


lien  sett,  Ik. 


$10.00 


SPECIAL,  $1.00.   POSTPAID 

This  "Ever-Ready"  jj 

Vest   PocKet    Electric  ? 

Search  Light 
Absolutely  Best  Lights  Made 

Every  One  Guaranteed 

NOT  A   TOY  Beware  of  Cheap  Imitations 

But  a  nseful,  praAttenl,  durable,  and  convenient  article  for  everyone.  Fits 
nicely  in  vest  pocket.  Handy  fur  Farmers  to  take  to  barn  at  night. — No 
daneer  of  fire  can't  blow  out— alwavs  ready— simply  press  the  button 
and  i  on  haveinstant  lleht.  Invaluable  for  PHYSICIANS,  WATCHMEN, 
PLUMBERS, CLER6XB: EH,  HIKERS,  RAILROAD  3IEX,  BANKERS,  HI  VI  1  RS, 
riitv  II. Kit-,  ETC.  Women  folks  find  it  handy  about  the  house  for  cellar, 
dark  corners,  etc. — in  fact,  any  place  a  bright,  safe  light  is  wanted.  No 
heal,  matches,  chemicals.  SAKE— a  child  can  operate  it.  No  wire,  r.inoke, 
smell  or  dirl.  Nothing  to  break — it  lasts  for  rears.  Send  today  for  free 
d.Ti  r  i  ::\  catalog— it  shows  a  large  line  of  CSEFVL  electrical  novelties  for 
all  purposes.  AtiENTS  make  big  money  selling  our  goods.  Write  for  terms. 
Importers  and  Manufacturers  of  Eleclrical 
Hoods  and  General  Here 

518  S.  Main  St.,  Fall  River,  Mass. 


SU'BSC'RI'BE      JV    O    W      TO 

The  Engineer 

The  Power  Plant  Paper 
for   The    Power    Plant    Tylan 

Issued    24    times    a  year    (semi-monthly) 
Subscription  price,       ::      ::       $1.00 

The  issues  of  one  year  contain  more  than  one  thousand 
pages  of  reading  matter  devoted  entirely  to  subjects  of 
greatest  interest  and  importance  to  Engineers.  II  If  you 
install,  operate  or  care  for  machinery,  you  should  read 
The  Engineer.  U  Send  for  free  sample  copy. 

The    Engineer    Publishing     Company 

557    Dearborn    Street,  CHICAGO 


EMPLOYMENT 
DEPARTMENT 


^ 
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'TO  EMPLOYERS— Thb  Technical  World  offers  its 
services  in  bringing  employers  of  skilled  labor  into  com- 
munication with  trained  and  efficient  men.  Write  the 
Employment  Department  full  particulars  as  to  the  quali- 
fications necessary. 


SITUATIONS  VACANT 

Wanted — Traveling  salesman  calling  upon 
electrical  trade  and  Electric  Street  Railway 
Cos.,  to  handle  our  goods  as  a  side  line.  Lib- 
eral commission.  Address  Sills-Eddy  Mica 
In.    Newark.    X.    J. 

Wanted — The  application  of  even-  compe- 
tent technical  man  desirous  of  securing  a  po- 
sition or  bettering  his  present  one.  is  wanted 
at  once.  We  are  constantly  searching  for  high- 
class  vacancies,  and  always  have  from  ioo  to 
300  places  open  for  the  highest-grade  men. 
Write  to-day.  The  Engineering  Agency,  1218 
Monadnock  Bldg.,  Chicago.  111. 


SITUATIONS  WANTED 

Wanted — A  thoroughly  reliable  man  with 
several  years'  experience  handling  Gate's  rock 
crushers,  desires  a  position  setting  up  and 
starting  stone  crushers  or  superintending  a 
crushing  plant.  Can  make  all  repairs  needed 
to  keep  a  plant  in  operation  and  holds  a  state 
engineer's  license.  Address  The  Technical 
World,  Xo.  2>23- 

Wanted — A  position  as  Assistant  Engineer 
in  a  large  plant,  or  Chief  Engineer  in  a  small 
plant.  Have  had  three  years'  experience  with 
Corliss  engines  both  simple  and  compound- 
condensing,  direct-current  dynamos,  pumps, 
injectors,  and  boiiers.  Can  fire  hard,  soft,  or 
mixed  coal.  References  from  present  employ- 
ers    Address  The  Technical  World,  No.  324. 

Wanted — A  graduate  in  Electrical  En- 
gineering desires  a  position  as  Engineer  or  As- 
sistant with  some  good  company.  Has  spe- 
cialized as  a  Telephone  Engineer  and  has  had 
considerable  experience  in  Telephone  work 
and  Central  Station  practice.  Southern  or 
Central  East  States  preferred.  Address  The 
Technical  World.  Xo.  325. 

Wanted — An  advanced  American  School 
student  desires  position  in  drafting  room  where 
there  is  a  chance  for  advancement.  Pacific 
Coast  preferred.  Address  The  Technical 
World,  Xo.  326. 
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HOW  ONE  THING  LETAoDS  ANOTHER 


By  buying  a  copy  of 
this  book  and  becoming 
familiar  with  the  art  of 
electricity  you  don't 
know  what  it  may  lead 
up  to. 

There  are  XX  chap- 
ters or  subjects  carry- 
ing you  from  the  funda- 
mental principles  of 
electricity  on  through 
the  various  branches  to 
a  point  where  the  care- 
ful student  compre- 
hends the  complete  de- 
signing, care  and  opera- 
tion of  a  dynamo  or  a 
motor.  Each  subject  is 
carefully  written  and  to 
the  point.  After  a  stu- 
dent studies  a  subject, 
he  is  questioned  on  that 
subject  in  such  a  man- 
ner as  to  bring  clearly 
to  his  mind  the  points 
he  needs  to  know  re- 
garding same.  A  DIC- 
TIONARY in  back  of 
book  will  enable  him  to 
learn  the  meaning  of 
any  electrical  word, 
term  or  phrase  used  in 
this  book  as  well  as 
hundreds  of  others  in 
common  use.  All  re- 
quired tables  necessary 
in  the  study  are  in  it. 


From  our  paper,  The  Armature 
Winder,  issued  for  the  purpose  of 
advertising  our  facilities  for  repairing 
electrical  machinery,  originated  our 
book,  Practical  Electricity,  which 
has  proven  to  be  the  most  popular  book 
devoted  to  the  study  of  electricity 
12,000  copies  have  found  buyers,  and 
the  Fourth  Edition  is  now  ready.  From 
Practical  Electricity  has  sprung  the 
manufacture  of  Dynamos  and  Motors. 


Price  $2.00  per  copy. 


This  book  will  help  you  in  the 
study  of  electricity  as  no  other  book 
ever  has.  <&  The  otter  we  make  of 
refunding  money  if  book  is  not  sat- 
isfactory upon  examination  is  AN 
I  M'SUAL  ONE  in  connection 
with  the  sale  of  a  book.  But  we 
have  no  fear  of  its  return.  Your 
decision  will  be  what  thousands  of 
others'  have  been.  Money  v. 
not  buy  it  if  it  could  not  be  dupli- 
cated. We  could  print  testimonials 
by  the  hundreds.  It  is  the  best  to 
order  and  be  your  own  judge  of  its 
merits. 

Cleveland 
Armature  Worhs 


YOU  CAN 
DO  IT 

While  studying  elec- 
tricity from  our  book 
and  perfecting  your- 
self in  electrical  engi- 
neering, you  can  be 
engaged  in  the  sale 
of  our  dynamos  and 
motors  and  earning  a 
good  commission. 

NY  rite  for  our  cata- 
logue and  proposition 
in  reference  to  how  to 
sell,  and  •-■»  -pission 
we  pay. 

Our  proposition  is  an 
ideal  one  for  any  man 
who  is  connected  with 
a  power  plant  or  central 
station;  the  people  to 
whom  you  furnish 
power  will,  in  most 
cases,  favor  you  if  you 
but  tell  them  you  are 
agent  for  a  good  ma- 
chine. 


CLEVELAND,  OHIO 
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THE    TECHNICAL    WORLD 


Tufts  College 


DEPARTMENT    OF 

ENGINEERING 

Civil,  Mechanical,  Electrical 
and  Chemical  Engineering 

New  Laboratories  and  Excellent  Equipment.  Beautiful  site 
vitlun  four  miles  of  Boston.  Preparatory  Department  for 
Btadenta  who  have  had  engineering  practice,  but  insufficient 
preparation  for  college  work. 

Fnr  information  concerning  courses  and  positions  of  grad- 
uates, address 

H.   G.  CHASE,  Secretary, 

Tufts  College  P.  O.,  Mass. 

The  University  of  Rochester 

A  College  of  Liberal  Arts 

Scientific   Course  for  Technical 
Students 

Six  years  required  for  combined  College  and 
Engineering  degrees  in  co-operation  with  The 
Massachusetts  Institute  of  Technology  and 
Sibley  College  at  Cornell.  New  laboratories, 
thoroughly  modern  equipment.  Special  circu- 
lar and  catalogue  sent  on  application.    Address 

F.  L.  LAMSON,  Registrar 

Rochester,  N.  Y. 


Rensselaer     \ 
Polytechnic^/\ 
Institute, 

Troy,  N.Y. 

Tioeal  examinations  provided  for.  Send  for  a  Catalogue. 


% 


HOCKET  ELECTRIC 


FLASH  LIGHT* 


Postage  extra,  nc.    The  best 
made;  lasts  the  longest;  gives  most 
powerful  light.  It's  always  ready— simply  press  thebut- 
ton.    Extra  batteries  25c  each.    Agents  make  big  money. 
Send  for  catalogue.  THE  Yin  CO.,  68  E.  Lake  St.,  Chicago. 


EVERETT  E.  KENT 

COUNSELOR  AT  LAW 

Patents,  Foreign  and  Domestic.     Copyrights. 

Trade  Marks  in  all  States. 

Corporations. 

84  State  Street,  BOSTON 


EMPLOYMENT  DEPARTMENT     Concluded) 

Wanted— A  student  of  the  American  School 
wauis  position  as  Draftsman  or  ForemanTool 
Maker  on  fine  machine  work.  Has  had  16 
years'  experience  as  tool  maker.  Address  The 
Technical  World,  Xo.  327. 


Wanted — Position  as  Foreman  in  enameling 
department  References.  Address  The  Tech- 
nical World,  No.  328. 

Wanted — A  position  is  wanted  by  an  Ameri- 
can School  student  as  Engineer's  Helper  in 
some  power  plant  where  there  is  chance  for 
advancement.  Address  The  Technical  World, 
No.  329. 

*^ 

Wanted — Position  as  Stationary  Engineer. 
Three  year-'  experience.  Address  The  Techni- 
cal World,  Xo.  330. 

Wanted — Position  as  Superintendent  or 
Chief  Engineer.  Have  had  20  years'  experi- 
ence as  stationary  engineer,  .and  9  years'  ex- 
perience in  electric  light  and  water  works. 
Best  of  references.  First  class  Ohio  license. 
Address   The  Technical  World,  Xo.  331. 


AGENCY  WANTED 

Wanted — Having  a  thoroughly  organized 
agency  force  we  are  desirous  of  securing  ex- 
clusive Pacific  Coast  Agency  of  articles  of 
merit,  where  personal  solicitation  is  required. 
Address  Suite  2-47  Gearv  St..  San  Francisco, 
Cal. 


FOR  SALE 

A  3-H.  P.  air-cooled  Gasoline  Motor  for 
automohile  or  stationary.  Guaranteed  reliable. 
Price  $38.00.  Liberal  agency  discount.  Cir- 
cular for  the  asking.  Climax  Electric 
Works.  Xew  Salem,  Mass. 


BACK  NUMBERS  WANTED 

Wanted — The  June  and  July  numbers  of 
The  Technical  World  of  1904.  Any  reader 
having  such  to  sell,  kindly  address  K  W 
Wheeler,  159  Gates  Avenue,   Montclair,  N.  J. 


Bacon : 
animals  ? 
Egg bert 
Bacon : 
Eggbert 


A  Tender  Heart 

And  vou  say  he  is  kind  to 


Yes,  very. 
Why? 

Whenever  his  wife  begins 
to  sing,  he  puts  the  dog  out  of  the  room. 
— E.  A.  Oliver. 
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Thos.  G.  Grier's  Book  of 

Wiring  Tables 


flash 


How  They  are  Made  and 
How  to  Use  Them. 

THE  book  is  one  which 
every    Central    Station 
and     Street     Railwav 
man,      Electrician       Student 
should  own. 

C.  Size  of"  book,  6l/>  x  4^ 
inches.  Will  fit  the  pocket; 
has  rounded  corners;  is 
leather  bound;  has  one  hun- 
dred and  four  pages. 
C  It  is  of  great  service  to  Con- 
tractors and  to  anyone 
employed  in  electrical  work. 
C  In  this  book  can  be  found 
the  best  answer  to  anv  ques- 
tion on  wiring. 
C.  We  carry  the  book  in  stock. 


Price,  postage  prepaid, 


$1.00 


mi//, 


<mxim 


Special 


foreign  countries. 


IJGHTS 


Can  be  Carried  in  the  Vest  PocKet 

THIS  Vest  Pocket  Light  is  not  a  toy.  It 
gives  instant  light.  No  chemicals,  oil, 
smoke  nor  odor.  No  heat,  matches, 
trouble  or  danger.  No  wires  to  go  wrung. 
Cannot  be  blown  out  by  the  wind.  Invaluable 
in  gas  works,  paint  factories,  mines,  oil  wells, 
paper  mills,  woodworking  factories,  etc.  Use- 
ful for  Miners,  Hunters,  Plumbers,  Railroad 
Employees,  Undertakers.  Sailors.  Soldiers, 
Travellers.  Watchmen.  Liquor  Dealers.  Phy- 
sicians, Policemen,  Machinists,  and.  in  fact, 
for  all  purposes  •where  a  light  is  instant- 
ly required.  Endorsed  and  used  by  the 
Army  and  Navy  Departments  of  this  and 
Adopted  by  nearly  all  of  the  Police  and  De- 


tective Agencies  of  the  world. 


Style   B — Pressboard  Case  

Style  A — Metal  Case  Covered  with  Leatherette       .... 

Style  A— Special— Vulcanized  Fibre  Case 

Extra  Batteries,  30  cts..  Extra  Bulbs.  55  cts. 


$1.0() 
1.25 
1.50 


THE  W.  G.  NAGEL  ELECTRIC  CO.,  TOLEDO,  OHIO 


L 
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NIL    TECHNICAL    WORLD 


ATENTS 

Valuable  Rook  on  Patent*  FREE.     Telia  liow  to 
secure  them  »t   low  cot-t,    Hon  to  sell  :\  Patent,  ami 
what  to  Invent  for  Profit,  aires  Mechanical  Movements 
Invaluable  i"  Inventors,     Pull  "i   Money-Making  l'utent 
Information.     NEW    BOOK   FREE  to  nil  who  write. 
O'MEARJ  a   BBOCK,  Patent  um-..  918  V.  Street,  H.  W.,  Wastalagtoa.  I>.  <'. 
NEW  YORK  OFFICE,  290  Broadway,  New  York  City. 

PATENTS 

FREDERICK  S.  STITT 

Attorney-at-Law  Registered  Patent  Attorney 

15  WILLIAM  ST..  NEW  YORK 

Patents  obtained  in  the  United  States  and  Foreign 

Countries.    Tra.le   Marks  registered.     Litigation 

conducted.    Examinations.    Opinions. 


PA.TEJVTS  THA-DE     MA.HKS 

Obtained  Registered 

R.  William   Lotz 

Suiu-  15  161  East  Randolph  Streej,  Chicago 
phone  Main  Mo- 
Registered  Patent   Attorney 
Re-;  service,  most  reasonable  rates.    All  business  strictly 
confidential.    Correspondence    solicited.    Consultation 
free.  No  misrepresentations.  Free  guide  book  on  request. 


PATENTS, 


CAVEATS,   TRADE- 
MARKS,   COPYRIGHTS 
AND  DESIGNS. 

Send  your   business  direct    to    Washington.     Saves 
time  and  insures  better  service. 

24  Years  Practice.    Personal  Service  Guaranteed. 
SIGGERS     &     SIGGERS,      Patent   Lawyers. 

Suite  10,  National  Union  BIdg.,  Washington,  D.  C. 


LouisA  Hill 
PATENT  ATTORNEY 

1336  NewYoRKAVENDE 

WASHINGTON.  DC. 


PATENTS 

Jb  SECURED    OR.    FEE     RETURNED 

Free  opinion  as  to  patentability.    Send  for  Guide 
Book  and  What  To  Invent,  finest  publication  is- 
sued for  free  distribution.     Patents  secured  by  us  advertised 
free.  EVANS,  WILKENS  <S.  CO. 

No.  600  F  Street,  N.  W.  Washington.  D.  C. 

Patents  $2520 

Rejected  cases  and  interferences  a  specialty. 
All  foreign  patents  at  low  rates. 
Positive  success  where  others  fail. 

FRANK    K.    JOHNSTON.   M.  A..   LL.   B. 

Suite  216-218,   99  Nassau  St..  New  York,  N.  Y. 


KEROSENE  OIL  ENGINE 

Stationary,  Marine,  Portable.   Send  for  Catalog. 

Int'l  Power  Vehicle  Co.,  379-81  Dearborn  St.,  Chicago 


>©0KS 
:eived 


Cyclopedia  of  Applied  Electricity.  Five  volumes. 
Pages  2.500;  over  8.000  illustrations.  Three-quarters 
red  leather.  Indexed.  Published  by  the  American 
School  of  Correspondence  at  Armour  Institute  of  Tech- 
nology, Chicago,  111.  List  Price,  $30.00.  Special  In- 
troductory Price,  $18.00. 

Tins  work  is  the  most  comprehensive 
treatise  on  electricity  and  its  practical  ap- 
plications that  has  yet  been  published, 
and  will  prove  invaluable  to  electricians. 
engineers,  telephone  and  telegraph  oper- 
ators, engineering  students,  and  any  per- 
son who  has  occasion  to  use  electricity 
in  any  form.  To  be  able  to  turn  quickly 
to  any  phase  of  electricity  as  used  in  our 
great  industries,  is  of  immense  value  to 
jjoth  the  busy  practical  man  and  the  en- 
gineering student.  In  these  volumes  the 
reader  finds  a  treatment  of  the  latest  de- 
to  any  phase  of  electricity  as  used  in  our 
edged  authorities,  fully  indexed,  and 
written  in  a  simple,  direct  way  especially 
adapted  to  the  needs  of  the  busy  practi- 
cal man. 

The  assistance  of  many  eminent  spe- 
cialists has  been  obtained  in  the  prepara- 
tion of  these  volumes,  among  whom  may 
be  mentioned  Prof.  F.  B.  Crocker,  of 
Columbia  University,  Prof.  William 
Esty,  of  Lehigh  University,  Prof.  D.  C. 
Jackson  and  Prof.  Geo.  C.  Shaad.  of  the 
University  of  Wisconsin.  Prof.  Louis 
Derr.  of  the  Massachusetts  Institute  of 
Technology,  and  many  others,  all  of 
whom  have  prepared  special  articles  and 
aided  in  the  collaboration  of  this  work. 

The  cyclopedia  is  not  addressed  to  the 
technically  educated  specialist,  and  for 
this  reason  all  of  the  descriptions  and 
explanations  which  it  contains  have  been 
simplified  to  the  utmost  possible  degree 
consistent  with  a  thorough  presentation 
of  the  subjects  treated.  Higher  mathe- 
matics have  been  entirely  omitted,  and 
the  subject-matter  of  the  work  is  ex- 
plained in  simple  language  in  connection 
with  a  large  number  of  diagrams  pre- 
pared especially  for  the  text.    The  work 
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ATENTS 


Valuable  and  Salable  Patents  Promptly  Secured. 
Advice  as  to  Patentability  and  Commercial  Value 
Free    «A    <**    *A    Write  for  Inventor's  Hand  Book 


SHEPHERD    &.    PARKER,     Patent     Lawyers 


"Puring  the  past  ten  years  Mr.  Shepherd,  of  Shepherd  & 
Parfcer,  has  obtained  for  us  a  great  many  Important  patents. 
We  have  no  hesitation  in  heartily  recommending  him  t.>  any- 
one having  need  of  the  services  of  a  patent  attorney." 

HALLW'UOD  UAS1J  KKUISTEK  CO. 


Mr.  Parker  on  November  1,   1903,  resigned  his  position  as  an 
Examiner  in  the  U.  S.  Patent  Office  to  enter  this  firm. 

Address,  844  G.  St.,  Washington,  D.  C. 


100  COPIES  of  a  letter,  piece  of  music,  drawing,  or  any  writing  on  any  ordinary  paper, 
with  any  pen,  can  be  made  in  less  than  20  minutes  by  using 

THE    LAWTON    SIMPLEX     PRINTER 


It  la  the  simplest  and  cheapest  pi ss  ever  invented.     Its  work  is  an  exact  facsimile 

writing.    Drawings  can  be  produced  in  several  colors  at  one  printing. 

From  50  to  75  good  copies  can  be  made  from  any  typewritten  original. 


■  I  ordinary 


Send    for    circulars    and        T      A    X\7  T   f)   N      f~»      C   C\  30  Vesey  St..    New  York 

free    samples    of  work        *-«  ^*-    vv      x     ^   ^       *"^       Kj   KJ  .        59   Dearborn    St..    Chicago 


JEFFREY 

SWING    HAMMER. 

PULVERIZERS 


Are  fully  described  in  Catalogue 
No.  30.  Mailed  Free  -with  others 
on  ELEVATING.  CONVEYING, 
POWER-TRANSMITTING 
MACHINERY 

THE  JEFFREY  MFG.  COMPANY 

Columbus,  Ohio,  U.  S.  A. 

RKW  YORK  PITT9BIRU  ClIICAliO  HESTER 


she  Technical  World 


S2.00  A  Year 


20  Cents  A  Copy 


$80.00 

40.00 

20.00 

10.00 

.40 

$30  per  year 
25c  per  line 


Advertising   Rates 
One  page,  ... 

Half  page,         .... 
Quarter  page.         ... 
Eighth  page,     .... 
Space  less  than  eighth  page  per  Agate  line 
Professional  Card  (1  inch),    - 
Classified  Wants,  ... 

(Seven  words  to  line. ) 
10  per  cent  discount  for  six  consecutive  inser- 
tions (not  less  than  eighth  page  each )  used  within 
one  year,  or  for  space  amounting  to  three  pages  or 
more  used  within  one  year. 

tSovers 
Outside  back  cover,        ...      50'?  extra 
Inside  covers,  ...  25#  extra 

Terms 

Thirty  days  net. 

5  per  cent  cash  discount  if  paid  on  first  of  month. 

Date  of  issue,  15th  of  month  preceding  date  of 
magazine. 

FIRST  FORMS  CLOSE  25th  of  second  preced- 
ing month:  last  forms  first  of  month. 


R.  B.  MANBERT.  Advertising  Manager 

The   Technical    World 

3321   Armour  Avenue,     -     Chicago,  111. 
New  York  Office,  150  Nassau  Street 


Union  Steam  Pump  Co. 

46     So.     Madison     St. 

BATTLE    CREEK, 

MICHIGAN 

Manufacturers   of 

THE  GREAT  BURNHAM 

STEAM     PUMP 

(Direct    Steam,    Belt    and    Electric    Driven) 
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THE    'l/(I/xn.u    WORLD 


A       JV  e  &j       S  o  o  K_     on 

Centrifugal  Fans 

JUST     OUT 

The  most  comprehensive  and  complete  work 
on  their  design  for  all  purposes  fully  illustra- 
te il  with  man;  formulas  and  tables  from  actual 
practice  by  the  acknowledged  authority  on  the 
subject.  J.  II.  Kim.alv,  M.  K.  M   Am.  Soc.  M.  K. 


Hound  in  full  Limp  leather. 


$5.00 


FORM  A  LIBRARY 

We  have  a  list  of  popular  books  upon  mechan- 
ical and  electrical  subjects.  We  oiler  s  special 
subset  iption  price  to  readers  of  the  Technical 
World  of  12  books  for  $2.50  post  paid.  Send  for 
list  of  titles,  and  make  your  selection  at  once. 


We   have   a   line,  of  sectional    Book  Cases  at 
Factory  prices,  catalogue  free. 

SPON    Z*    CHAMBERLAIN 

Publishers    TECHNICAL    BOOKS 
T.  W.  Liberty  Building.  NEW  YORK 


YOU  CAN   MAKE  $3  TO  $10  A  DAY 

Fitting  classes   for  us.    Bip  profits. 
Our  24-page  FREE  EYE  BOOK 
tells  how.    Write  for  it  today. 
JAUKSOK1AN  OPTICAL  COLLEGE,  Dept.936,Jack3on,Mleh- 


HENRY    &    HORA'S 

Modern  Electricity 


MCNRT— MORA 


MlODEBVr 


Explains  X-Rays,  Wireless 

Telegraphy,  Radium, 

Transmission  «V_  Distribution. 

Power  Slat  ions,  Wiring,  etc 

Written  in  plain  English. 


All  Problems  Solved 


Practical— Accurate— Scientific 

150  illustrations. 
355  pages.    Cross  index. 
"A  practical  handbook    for   stu- 
dents,   apprentices,    and  electrical 
engineers. ' ' — Scien  tific  American. 

Silk  Cloth,  decorative  cover,  silver  stamping,  .  .  $1.50 
Seal  Leather,  marbled  edges,  gold  stamping,  .  .     1.00 


LAIRD  &  LEE 


PUBLISHERS 
•  263  Wabash  Ave. 


CHICAGO 


What  Is  Daus'  Tip-Top? 


TO  PROVE  *hat  Daus' 

"Tip  Top" 

is  the  best  and  simplest  device 
for  making  100  copies  from  pen 
written  and  50  copies  from 
typewritten  original,  we  will 
ship  complete  duplicator,  cap 


size,  without  deposit  on  ten  (10)  days'  triaL 

Price  $7.50  less  trade  discount  of       d>£  r\r\   —,-.4. 
33  Ji  per  cent  or <JpO.UU   HcC 

The  Felix  G.  L.  Daus  Duplicator  Co. 

Daus  Building,  111  John  Street,  New  York  City 
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will  be  found  of  the  greatest  value  to 
designers,  constructors,  and  operators  of 
electrical  machinery  ;  and.  as  it  is  the 
only  textbook  and  reference  work  cover- 
ing every  department  of  electricity  thor- 
oughly, its  use  will  save  many  valuable 
hours  of  search  among  scattered  text- 
books on  electricity.  As  these  volumes 
cover  the  entire  range  of  electrical  work. 
a  detailed  review  is  impossible  within  the 
limits  of  the  space  at  our  command;  but 
it  will  suffice  to  state  that  every  electrical 
subject,  including  the  most  recent  inven- 
tions, is  thoroughly  and  adequately  ban- 
died. The  volumes  are  substantially  and 
handsomely  bound. 


A  Modern  Battleship.  A  half-tone  engraving  showing 
all  details,  exterior  and  interior,  of  an  up-to-date 
battleship,  all  parts  named  and  indexed.  Printed  on 
plate  paper,  42  by  28  inches,  with  wide  margin.  Mail- 
ing price,  rolled,  in  tube,  50  cents.  Edition  de  luxe, 
mounted  on  linen  and  stretcher,  in  box,  $5.00.  Pub- 
lished by  The  Derry-Collard  Company ,  New  York ,  N .  Y . 

The  sea  and  all  that  pertains  to  it.  have 
a  fascination  for  almost  everyone ;  and 
a  good  picture  of  one  of  the  modern 
leviathans  representing  the  acme  of  con- 
centrated energy  and  engineering  skill 
found  in  the  types  of  ships  that  are  the 
basis  of  sea-power,  is  not  only  an  at- 
tractive ornament  on  the  walls  of  office 
or  home,  but  an  object-lesson  of  great 
educative  value.  Few  battleship  pictures, 
however,  have  heretofore  given  anything 
more  than  the  most  superficial  knowledge 
of  the  construction,  equipment,  and 
operation  of  the  modern  man-of-war.  In 
that  respect,  this  engraving  stands  in  a 
class  by  itself.  It  represents  two  years' 
work  of  high-grade  draftsmanship  under 
supervision  of  naval  experts,  and  graphi- 
cally portrays  the  immense  amount  of 
machinery,  guns,  and  fittings  entering 
into  the  make-up  of  a  battleship  of  the 
latest  type.  The  index,  covering  nearly 
500  named  and  numbered  parts,  is 
printed  below  the  engraving,  so  that  all 
details  are  available  at  a  glance.  Every- 
thing is  drawn  to  scale,  in  its  true  posi- 
tion and  relation  to  other  parts.  Even 
to  the  seaman — and  to  the  landsman  it 
goes  without  saying — this  picture  gives 
a  wealth  of  information  about  a  battle- 
ship, its  guns,  machinery,  stores,  ap- 
pliances, and   operative   methods,   which 
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ON  receipt  of  an  inquiry  from 
a  prospective  purchaser  we 
asked  how  his  attention 
was  called  to  our  machines,  and 
here  is  his  answer:  "We  have 
one  of  your  machines  and  want 
another."  *  If  a  machine  does 
good  work  and  has  the  lasting 
qualities  so  that  your  repair  bills  are 
reduced  to  the  minimum,  and  re- 
quires ordinary  skill  to  operate  and 
is  easier  and  quicker  to  adjust  than 
other  tools,  you  will  want  to  know 
about  it,  so  write  for  catalog. 


Bignall    ®    Keeler   Mfg.    Co. 


Edwardsville,      s« 


^      IllinoW 


Twentieth  Century 
Locomotives 

BY " 

Angus  Sinclair  Company 
Newly  Published  and  is  the 

Best  Book  on 
Railway  Machinery 

ever  published.  Contains 
chapters  on  :  Elementary 
lessons  on  first  principles; 
steam  and  motive  power; 
workshop  operations;  loco- 
motive boiler  construction; 
compound  locomotives; 
valve  motion ;  machine  tools 
and  shop  appliances,  and 
on   nine    other   subjects. 

PROFUSELY  ILLUSTRATED. 
Contains  670  pages,  6x9  inches. 
PRICE.     THREE    DOLLARS 

LOCOMOTIVE  ENGINEERING 

Department  T,  136  Liberty  Street 
New  York 
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can  be  obtained  in  no  other  possible  waj 
concise  and   easih    comprehended 
a  form. 


American  Tool  -  Making  and  Interchangeable 
Manufacturing.  By  Joseph  V.  Woodworth.  Pares 
535.  Cloth,  5  1-2  by  9  inches,  600  Illustrations.  Pub- 
lished by  Norman  W.  Henley  Publishing  Co.,  New 
York,  N.  Y.    Pr;ce,  $4.00. 

This  book  is  a  very  complete  and  practi- 
cal treatise  on  the  art  of  tool-making  and 
the  system  of  interchangeable  manu- 
facturing as  generally  practiced  in  the 
United  States  to-day.  It  contains  de- 
scriptions and  illustrations  of  the  differ- 
ent types  of  small  tools  and  special  ap- 
pliances which  should  be  in  general  use 
in  every  working  establishment  where 
economy;  capacity,  and  interchangeabilily 
of  product  are  imperative.  The  book  is 
divided  into  33  chapters  ;  and  after  a  gen- 
eral discussion  of  the  inception  and  de- 
velopment of  modern  interchangeable 
systems,  the  questions  of  designing  ma- 
chine tools  and  of  tool-making-  are  taken 
up,  and  in  each  of  the  succeeding-  chap- 
ters different  classes  of  machine  tools 
and  special  appliances  are  considered. 
The  number  of  machines  and  appliances 
described  is  far  too  large  to  receive  spe- 
cial mention  within  the  limits  of  a  brief 
review  :  but  it  may  be  stated  in  general 
that  the  work  is  a  valuable  one.  and 
brings  the  subject  thoroughly  down  to 
date.  The  information  contained  on  the 
system  of  interchangeable  manufacturing 
cannot  fail  to  be  of  the  greatest  use  to 
tool-makers,  designers  and  die-makers, 
as  well  as  managers  of  manufacturing 
establishments. 


ElectricityTVTade  Easy.  By  Edwin  J.  Houston,  Ph.D., 
■and  Arthur  E.  Kennelly,  Sc.  D.  Cloth.  Pages  348. 
Illustrated.  Indexed.  New  York,  N.  Y.:  McGraw 
Publishing  Company .    Price.  $1 .  50 . 

Though  electricity,  in  its  essential  na- 
ture, is  as  much  a  mystery  to  the  scientist 
as  to  the  layman,  the  laws  of  its  opera- 
tion and  the  methods  of  its  control  for 
human  uses,  are  well  understood  by  elec- 
trical engineers.  It  has  invaded  almost 
all  the  economies  of  our  domestic,  com- 
mercial, and  social  life,  and  has  been 
made  to  minister  in  a  thousand  ways  to 
man's  welfare  and  comfort.     In  the  pres- 
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380-382     BROADWAY 


CINCINNATI 

CANADIAN     BRANCH.  STRATFORD.    ONI 


BOSTON 

91-93  FEDERAL  ST. 

LONDON 

7  BUN  HILL  ROW 


Mention  The  Technical  World. 


128 


THE    TECHNICAL    WORLD 


Preparation 
for  College 

BY  MAIL 

Instruction  under  the  direction  of  the  regular 
teachers  in  a  resident  engineering  college. 

Lessons  prepared  especially  for  home  study  by 
teachers  of  acknowledged  standing. 

The  full  College  Preparatory  Course  covers  the  en- 
trance requirements  of  such  a  college  as  AMMO  UR 
INSTITUTE  OF  TECHNOLOGY,  and  students 
satisfactorily  completing  this  course  are  admitted 
to  the  college  of  engineering  of  that  institution 
without  further  examination  in  the  subjects  taken. 

An  unusual  opportunity  for  young  men  of  limit- 
ed means  to  prepare  for  entrance  to  an  engineer- 
ing college  without  leaving  home  or  interfering 
with  their  regular  work. 

PARENTS  wishing  to  KEEP  THEIR 
CHILDREN  AT  HOME  as  long  as  pos- 
sible before  sending  them  to  college  will 
find  these  courses  of  great  value.  There 
is  no  breaking  of  home  ties,  and  the 
student  not  only  has  many  of  the  ad- 
vantages of  a  private  tutor  but  also  the 
sympathy  and  encouragement  of  his 
parents. 

This  is  an  excellent  opportunity  for  teachers  and 
others  to  take  up  engineering  studies  in  their  own 
homes  and  at  their  own  convenience  under  the 
guidance  of  resident  school  teachers. 

In  addition  to  the  College  Preparatory  Course 
instruction  is  also  offered  in 

Mathematics  (Arithmetic.Algebra.Geom- 
etry  and  Trigonometry),  Electrical, 
Mechanical,  Steam,  Sanitary  and  Civil 
Engineering;  Architecture,  Mechanical 
Drawing,  Telegraphy,  Telephony  and 
the  manufacture  of  Textiles  (Spinning, 
Weaving  and  Knitting) . 

200  page  illustrated  Bulletin,  giving  full  infor- 
mation as  to  courses,  teachers,  methods  of  study, 
etc.,  may  be  had  upon  request. 

American  School  of  Correspondence 

at 

Armour  Institute  of  Technology 

CHICAGO,  ILL.,  U.S. A. 
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ent  volume,  the  way  it  does  all  these 
things  is  clearly  explained  for  even  the 
unscientific  reader,  in  simple  language 
ami  by  copious  use  of  illustrations.  The 
electric  lamp,  for  example,  is  a  common- 
place of  every-day  life;  hut  how  few 
know  what  it  is,  how  it  is  made,  how  the 
mysterious  current  that  animates  it  is 
produced  and  supplied!  The  pushing  of 
a  button  rings  a  hell  or  "announces"  a 
definite  call.  The  clicking  of  a  telegraph 
key  will  send  an  intelligible  message 
across  the  country  and  to  distant  lands. 
The  telephone  will  transmit  the  very 
tones  of  our  voice  to  remote  points.  The 
shifting-  of  a  switch-key  will  set  in  opera- 
tion powerful  machinery.  A  hundred 
other  applications  to  which  the  electric 
current  is  put,  might  he  cited  ;  hut  the 
mechanism  involved  and  the  operating 
principles  are  unknown  to  the  generality 
of  people.  In  giving  full  and  explicit 
knowdedge  on  all  these  matters,  aided  by 
graphic  cuts  showing  the  minutest  de- 
tails, this  volume  admirably  fulfills  its 
commendable  purpose. 


Suction  Gas.  By  Oswald  Haenssgen.  Pages  86.  Cloth, 
5  by  7  inches.  Published  by  the  Gas  Engine  Publish- 
ing Co. ,  Cincinnati,  Ohio. 

Owing  to  the  widespread  attention  which 
gas  engines  are  attracting  among  en- 
gineers, the  appearance  of  this  little  work 
on  suction  gas  may  he  considered  timely. 
The  suction  gas  producer  has  been  de- 
veloped and  improved  in  Europe  rather 
than  in  America,  owing  to  the  less  abun- 
dant supply  of  coal  and  other  fuels, 
which  has  made  the  subject  of  fuel  econ- 
omy an  important  one  abroad.  In  this 
new  type  of  gas  producer,  the  trouble- 
some boiler  and  bulky:  gas  holder  of  other 
gas  generators  have  been  entirely  omit- 
ted, and  the  combustible  gas  is  produced 
directly  and  exclusively  by  the  suction 
of  the  motor.  The  book  gives  a  detailed 
description  and  illustrations  of  this  pro- 
ducer, and  also  contains  chapters  on  the 
properties  and  composition  of  suction 
gas,  tests  of  gas  engines  under  European 
conditions,  relative  value  of  various  kinds 
of  fuels  for  producing  gas,  and  also 
prices  and  weights  of  installations  of  this 
character.     The  subject  is  one  that  will 
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Complete 
Drawing 
Outfit  no.  j 


The  Official  Drawing 
Outfit  Used  and  Re- 
commended by  the 
School 


REGULAR 

RETAIL 

PRICE 

$17.94 


(Cut  is  Refroducid 
from  a  Photograph) 


DETAILED    LIST    OF    OUTFIT    ILLUSTRATED: 

DRAWING  MATERIALS: 


Set  of  German  Silver  Drawing  Instruments  in 
Morocco  Leather  Pocket  Case,  velvet  lined,  with 
bar  lock,  comprising: 

One  German  Silver  compass.  6  inches  lone, 
with  pen,  pencil,  needle  point  and  length- 
ening bar. 

One  German  Silver  spacing  dividers,  5  inches 
long. 

One  steel  spring  bow  dividers,  3H  inches  lone. 

One  steel  spring  bow  pen,  3M  inches  lone,  with 
needle  point. 

One  steel  srring  bow  pencil,  3%  inches  long,  with 
needle  point. 

One  5-inch  ruling  pen,  spring  on  upper  Blade- 
One  case  with  leads. 

One  adjusting  key, 

Retail  Price  of  Instruments,  $6.90 


One  Drawing  Board,  19x25 inches,  seasoned  pine, 
with  hardwood  ledges,  attached  to  boarii  by 
screws  sunk  in  slots  with  metal  bushings  to 
allow  for  contraction  or  expansion.     Shellac 

finish. $2X0 

On»  T-Square,  24  in.  long.  Transparent  Amber 

lined,  fixed  head,  shellac  finish,  -       -         1  .=>o 

One  45°  Transparent  Triangle,  8  inch,  -       -  ,76 

One30cxG0°  Transparent  Triangle,  in  Inch,  .70 

One  12-inch  Triangular  White  Ivorlne  Edge 
Scale,  engine  divided;  graduated  3-83.3-16,  1-8, 
1-4,  3-8,  3-4.  1-2,  l'/i,  and  3  inches  to  the  toot, 
and  one  edge  inches  and  Piths,  wllh  case,  2.60 

One   Transparent   Combination,  irregular   or 

French  Curve,  special.  ....         1.00 

One  Bottle  Waterproof  Ink  ...  .26 

One  4-H  Siberian  Drawing  Pencil,         -       -  .10 

One  Faber's Ink  Eraser,  No.  1075,  -       -  .05 

One  Faber's  Pencil  Eraser,  No.  Ill,        -  .06 

One  dozen  Thumbtacks  ....  .20 

Nine  sheets  Whatman's  handmade,  cold  pressed, 

Drawing  Paper.  1354x20  inches,  -       -  M 

Twelve  sheets  Whltstock  Drawing  Paper,  11x16 

inches  (for  practice  work  only).         -       -  -15 

One  Nickel  Plated  Erasing  Stencil,       -       -  .25 

One  Sandpaper  Block,      -----  .10 

OneC-inch  Gorman  Sliver  Protractor,  V4°,  -90 

Retail  Price  of  Materials,      -    J 1  1 .  04 

SPECIAL  PRICE  TO  A.  S.  C.  STUDENTS  $$£&*$&  $7.95 

In  order  to  secure  the  above  special  price  it  is  necessary  to  be  a  student  of  the  American  School 
of  Correspondence.  Orders  should  be  sent  direct  to  the  address  of  the  manufacturer  as  given 
below,  accompanied  by  Post  Office  Order  or  by  Registered  Letter  for  the  amount  and  a  statement 
that  the  writer  is  a  member  of  the  American  School  of  Correspondence.  Express  charges  are 
to  be  paid  by  the  purchaser  (for  students  in  the  West  and  Middle  West  express  charges  to 
CHICAGO  will  be  prepaid. )    Address : 

A.  D.  MACLACHLAN,  214  Clarendon  Street,  Boston 

ARCHITECTS'  AND  ENGINEERS'  SUPPLIES 


Total  Value  of  Complete  Outfit,  $17.94 
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DYNAMO    CASTINGS 


Punchings.  Castings.  Materials 

ami  Blue  Prints 

for  the 

FranKlin  Dynamo 

Price,  $3.50  and  up 


Output  10  volts,  5  amperes.       Write  for  Circular  7. 

PARSELL  fc  WEED 

129-131  W.  31st  St.  NEW  YORK  CITY 


Months  Free 


^^^^H  If  you  are  interested  in  anv  kind  of  investment, 
^^^^^  Oil,  Mining,  Plantation,  Industrial,  Lands.  Stocks, 
Bonds.  Mortgages,  etc.,  send  us  your  name  and 
address  and  we  will  send  you  The  Investor's  Review  for  three 
months  free  of  charge.  A  journal  of  advice  for  investors. 
Gives  latest  and  most  reliable  information  concerning  new 
enterprises.  Knowledge  is  power.  Great  opportunities  come 
and  go.  Great  fakes  likewise.  Get  posted  before  investing 
Write  to-day.    INVESTOR'S  REVIEW,  1580  feaff  Bldg,,  CBICAHO,  ILL 

The  New  Art  Tool 

We  have  the  best  art  tool  in  use 
for  good  work.  Applies  color  by 
jet  of  air.  Saves  time  and  drudgery 
in  cleaning  up.  Will  send  descrip- 
tive Circulars  Free  on  request. 
Any  interested  in  fine  shading  or 
coloring  will  do  well  to  investigate. 


Write  at  i 


AIR  BRUSH 
ART   WORK 

The  Air  Brush  Mfg.  Co.  134  Nassau  St..  Rockford,  111.,  U.S.A. 

T5he  American  School  of  Household  Economics 

THIS  new  development  of  the  correspondence 
idea  came    into    being    from    the    request    of 
women  all  over    the  country  for  aid  in  their 
household  problems  and  for  guidance  in  the  study  of 
twentieth  century  housekeeping. 

We  all  realize  that  industrially  the  world  has 
made  tremendous  advances  during  the  last  ten  or 
twenty  years,  but  we  are  apt  to  over-look  the  fact 
that  knowledge  of  the  arts  and  sciences  relating  to 
the  home  has  kept  pace,  and  that  the  good  old  ways 
of  our  grandmothers  are  no  less  out  of  date  than  the 
stage  coach  and  spinning  wheel. 

The  thoughtful  housekeepers  who  have  felt  the 
effects  of  this  industrial  revolution  have  been  seeking 
in  vain  for  a  practical  hand-book  that  would  give 
the  desired  information  in  not  too  technical  nor 
abstruse  a  form. 

A  residence  course  of  study  is  out  of  the  question 
for  the  great  majority,  so  as  housekeepers  and 
mothers  are  unable  to  leave  their  duties  to  go  to 
school,  the  school  must  go  to  them. 

This  the  American  School  of  Household  Econ- 
omics does.  Its  lesson  books  have  been  prepared  by 
eminent  teachers  and  represent  the  long-sought-for 
hand-books — simple,  concise,  interesting,  and  auth- 
oritative.    The  instruction  is  given  by  the  authors. 

Some  of  the  subjects  covered  are  cookery,  dietet- 
ics, home  dressmaking,  house  planning  and  furnish- 
in^,  home  nursing,  household  management  and 
accounts,  and  psychology  of  child  training. 

The  attractive  Announcement  of  the  School  gives  illus- 
trated synopses  of  the  twelve  subjects  offered  and  details  of 
the  methods  employed.  Everyone  interested  is  invited  to  send 
for  a  copy.  Address  the  Director,  Miss  Helen  Louise  Johnson, 
3311  Armour  Avenue.  Chicago,  111. 
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appeal   to   the   up-to-date   engineer,  and 

the    information   contained    in   the   book 
is  important. 


MAGAZINES 

Power  (February)— Kew  York 
Those  interested  in  the  steam  turbine 
will  find  this  number  of  especial  value. 
"Power  Required  for  Condensing  Aux- 
iliaries in  a  Steam  Turbine  Plant,**  by 
J.  R.  Bibbins,  gives  complete  data, 
method  of  obtaining  same,  and  results 
of  a  test  on  the  condensing  auxiliaries 
of  a  400-K.  W.  Westinghouse-Parsons 
turbine.  The  results,  which  are  plotted 
for  various  loads,  show  the  gross  power 
input  of  the  auxiliaries  to  be  2!  S  per  cent 
of  the  total  power  generated  at  full  load. 
3  per  cent  at  half-load,  and  4  per  cent 
at  quarter-load.  It  is  also  pointed  out 
that  the  power  required  for  the  condens- 
ing apparatus  is  dependent  principally 
upon  the  quantity  of  water  pumped. 

Drawings  of  assembled  parts  and  com- 
plete details  of  a  12-H.  P.  24-inch  tur- 
bine, are  shown  in  an  article  on  Making 
a  Small  Curtis  Turbine,  by  H.  J.  Travis. 
In  addition,  eleven  performance  curves 
of  water  consumption  under  various 
pressures  and  speeds,  horse-power  de- 
veloped, starting  torque,  etc..  are  plotted 
to  a  large  scale.  The  turbine  comprises 
about  38  pieces,  and  weighs  175  pounds. 
Under  ideal  conditions  45  H.  P.  was  de- 
veloped on  35  pounds  of  steam  per  horse- 
power-hour. The  curves  show  clearly 
how  the  steam  consumption  increases 
with  a  reduction  in  either  pressure,  load, 
or  speed. 

"The  Kerr  Compound  Steam  Tur- 
bine," is  a  short  illustrated  description 
of  the  latest  type  of  turbine.  It  is  of 
the  tangential  class,  while  the  buckets  are 
of  the  Pelton  type. 

Under  the  title  "Combustion."  C.  C. 
Major  discusses  in  detail  the  theory  and 
results  of  combustion.  The  first  part  of 
the  article  deals  with  elements,  com- 
pounds, chemical  combinations,  etc..  spe- 
cial attention  being  given  to  oxygen, 
nitrogen,  carbon,  hydrogen.,  and  sulphur. 
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All  for  $3.00 


T"HHE    COSMOPOLITAN   for 
,      1905  desires  to  secure  an  addi- 
(£2£jjl      tional  hundred  thousand    busi- 
ness     men,     lawyers,     doctors, 
clergymen,  managers,  etc. —  men  com- 
posing the  brains  of  the  country. 

For  this  purpose  half  a  million  copies 
are  being  printed  of  a  Five-Volume 
Encyclopedia,  such  as  is  ordinarily 
bought  for  ten  or  fifteen  dollars;  cloth 

o  .      .  . 

bound,  gold  lettered;  containing  6,000 
"Who's  Who,"  65,000  Subjects  and  96 
colored  maps. 

This  is  offered  at  ONE  DOLLAR, 
if  accompanied  at  the  same  time  with  a 
year's  subscription  to  THE  COSMO- 
POLITAN MAGAZINE,  One 
Dollar;  and  the  new  periodical,  THE 
TWENTIETH  CENTURY 
HOME,  One  Dollar— Three  Dollars 
in  all.  It  is  an  exceptional  offer.  A 
better  one  can  never  be  made.  It  is 
doubtful  if  any  publishing  house  can  ever 
equal  it.  A  large  book-bindery  plant 
was  put  in  especially  to  bring  the  cost 
of  this  down  to  its  lowest  possible  terms. 


Express  charges  are  paid  by  the  receiver.    The 
photograph   shows  these  Volumes.       Address 


The    Cosmopolitan    Publishing    House 

IRVINGTON.  N.  Y. 
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Do  you  hnow  anything  about 
this    interesting    subject? 

€fl  Every  clothing  salesman,  every 
salesman  of  dress  goods,  every 
worker  in  fabrics  from  the  mill 
hand  to  the  superintendent, 
from  the  cutter  to  the  head 
tailor,  from  the  clothing  store 
or  dress  goods  department  clerk 
to  the  proprietor — should  have  a 
thorough  knowledge  of  Textile 
manufacture.  ^  The  instruc- 
tion papers  have  been  prepared 
by  Textile  experts,  experienced 
teachers  and  prominent  mill  men. 
<J[The  work  of  the  student  is 
guided  from  a  practical  stand- 
point by  practical  men.  No 
point  is  considered  too  trivial 
for  thorough  and  careful  ex- 
planation. The  instruction  is 
individual  and  proceeds,  step 
by  step,  from  the  simplest  prob- 
lems to  the  latest  practice  in 
up-to-date  Textile  manufacture. 

Our    Courses    are 
(Pull  Courses) 

Textile  Manufacturing,  Cotton; 
Textile  Manufacturing,  Woolen 

and  Worsted; 
Textile  Manufacturing,  Knitting 

(Special  Courses) 

Cotton  Spinning;  Woolen  and 
Worsted  Spinning;  Knitting; 
Warp  Preparation  and  Weaving; 
Textile  Design  and  Fabric 
Structure;  Woolen  and  Worsted 
Finishing;  Textile  Chemistry 
and  Dyeing 

Catalogue  sent  upon  request 

American  School  of  Correspondence 

AT 

Armour  Institute  of  Technology 
chicago,  ill. 
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IS 


ention  Technical  World,  Mar. 


LITERATURE-  ( Continued) 

Both  the  calorimetric  method  of  de- 
termining the  heat  value  of  fuels  and  the 
computation  from  the  percentage  of  ele- 
ments, are  described  anil  illustrated  by 
numerical  problems.  Simple  formulae 
are  also  given  for  calculating  the  tem- 
perature of  combustion. 

(  Mher  articles  are:  "A  Piston  Failure 
in  a  Large  Engine,"  and  "Consulting 
Engineers  and  Engine  Specifications." 


The   Rambler   Magazine    (December) — Kenosha 
Wisconsin 

The  most  important  article  in  this  num- 
ber is  "Rambler  1905  Productions,"  by 
Hugh  Dolner.  It  is  particularly  interest- 
ing to  one  who  runs  an  automobile,  or 
who  is  engaged  in  the  automobile  in- 
dustry. In  this  article  the  entire  con- 
struction of  the  Rambler  type  of  machine 
is  carefully  treated.  Such  details  as  the 
automatic  spark  timer,  steering  gear,  and 
brake  are  explained  clearly  and  concisely. 
The  article  is  well  illustrated  with  cuts 
showing  all  parts  of  the  working  mech- 
anism, and  the  complete  motor  car. 

"Xon-Freezing  Liquid  for  Cooling  the 
Auto-Car"  is  a  valuable  contribution  on 
an  interesting  problem. 

A  number  of  articles  on  Automobile 
Meets  in  different  parts  of  the  country, 
and  several  on  Automobile  Trips,  are 
well  written  and  illustrated,  especially 
one  by  A.  T.  Keeley,  "In  the  St.  Louis 
Endurance  Run."  Short  readable  ar- 
ticles comprise  the  remainder  of  this  ex- 
cellent number. 


Electrical  World  and  Engineer  (January  28)— New 
York. 

"District  Electric  Power  Distribution" 
treats  of  the  system  of  the  South  Wales 
Electric  Power  Distribution  Company, 
which  has  recently  begun  operation  in 
England.  The  major. part  of  the  load 
consists  of  power,  only  one  town  being 
supplied  with  electrical  energy  for  light- 
ing purposes.  Power  is  supplied  to  dif- 
ferent points  of  the  system  to  the  extent 
of  9,000  horse-power. 

A  Working  Diagram  of  the  Alternat- 
ing-Current Synchronous  Motor,  by  A. 
E.  Kennelly,  shows  a  graphical  method 
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CALIFORNIA 

J     Sj  ^^M   ^^^P    ^rom  Chicago  daily,  March  1  to 
™*5  ™"  m   May    15,    with    correspondingly 
^■^  ^1^   low  rates   from   other   points,  via 
the  Chicago,  Union  Pacific  and  North-Western  Line. 
Daily  and  personally  conducted  excursions  through  to  San 
Francisco,  Los  Angeles  and  Portland  from  Chicago  without 
change.     Only  $7  for  sleeping  car  berth  for  two  people. 
Choice  of  routes. 

If  you  want  to  know  how  to  reach  this  land  where  the  climate  is 
mild  and  where  labor  is  never  oppressed  by  stress  of  weather, 
how  much  it  costs  to  go  and  what  you  can  do  when 
you   get    there,   send    4    cents    for    books,  maps 


U 


KNOWING  HOW  is  the  SECRET  OF  SUCCESS 

telephone  "Principles  and  "Practice  ij  the  Key  that 
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Price,  $2.00  Net,  or  Free  with  7  Subscriptions  to  Sound  Waves 

YESTERDAY    IS    GONE  — NOW    IS     THE    ACCEPTED    VIME 

We  have  the  Books— You  provide  an  Understanding-. 
Send  for  our  Catalogue  of  Electrical  Books  and  SUBSCRIBE 
FOR   SOUND    WAVES.        50   Cents  a   Year,    with    Premium. 


1362  Monadnock  Building, 


CHICAGO 


The  Practical  Man  reads  The  Technical  World  from  cover  to  cover. 

The  Practical  Man  specifies  goods  advertised  in  The  Technical  World. 

?he  Practical  Man  is    the    man    you    want    to    reach    if   you    advertise. 

If  you  want  Practical  Results  advertise  to  the  Practical  Man  in 

The  Technical  World 

"Rates  per  insertion:     £60.00  page.  $4-0.00  \i  page.  £20.00  M  page.  JSIO.OO  %  page 
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Jkecorti 


TEXT 

THE  ARCHITECTURAL  RECORD  pre- 
sents each  month  a  number  of  articles 
from  the  pens  of  the  best  European  and 
American  writers.  These  articles  deal 
with  Architecture  and  Building  in  such  a 
way  as  to  be  interesting  to  the  architect, 
and  also  to  his  client. 


ILLUSTRATIONS 

THERE  are  shown  each  month  from 
seventy-five  to  over  one  hundred  pic- 
tures on  the  best  half-tone  paper  illustrat- 
ing the  text,  and  forming  a  most  valuable 
' '  Record  ' '  of  buildings  and  designs. 


CIRCULATION 

THE  ARCHITECTURAL  RECORD  has 
1  a  large  guaranteed  circulation  among 
Architects  and  others  interested  in  build- 
ing—the figures  are  put  in  the  contract — a 
point  for  the  advertiser  to  consider. 


ADVERTISING 

THE  ARCHITECTURAL  RECORD  car- 
*■  ries  the  advertisements  of  over  one 
hundred  and  fifty  first-class  firms— a  result 
of  its  high  quality  and  large  circulation. 
This  shows  that  many  manufacturers  have 
considered.     Have  you  ? 


S"  a   m    p    I 


Copy       Free 


Cije  Architectural 
&ecorti  Company 

1446  ©esn?  Street 


LITERATURE-  (Continued ) 

ni  representing  the  relations  between  the 
E.  M.  I'.,  current,  and  power  in  a  single- 
phase  synchronous  motor  circuit. 

A  very  interesting  announcement  is 
made  in  regard  to  a  new  type  of  incan- 
descent lamp  which  is  said  to  have  an 
efficiency  much  higher  than  that  of  the 
carbon  filament  lamp.  The  nature  of  the 
material  used  was  for  some  time  a  secret, 
but  it  has  now  become  known  that  this 
material  is  tantalum.  This  discovery  is 
due  to  researches  made  by  Messrs.  Sie- 
mens &  Ilalske.  The  shape  taken  by 
the  filament  is  an  innovation,  as  well  as 
the  material. 

Other  articles  include  Central  Station 
Distribution;  Single-Phase  Alternating- 
Current  Distribution ;  and  Developments 
in  Electrical  Traction. 


American  Electrician  (January)  — New  York 

Ax  article  entitled  "Typical  American 
Hydraulic  and  Transmission  Plant,"  by 
C.  W.  Whitney,  takes  up  the  subject  of 
the  American  River  Electric  Company's 
system,  which  has  recently  been  com- 
pleted and  placed  in  successful  operation 
in  Central  California.  This  is  a  hydro- 
electric power  and  transmission  system, 
being  typical  of  the  best  water-power 
plants  on  the  Pacific  Coast.  The  con- 
struction is  of  a  particularly  high  grade 
and  fully  described  in  this  article.  A 
large  number  of  photographic  views 
along  the  system  are  also  shown. 

An  article  by  Laurence  B.  Mather,  en- 
titled "American  Water  Wheel  and 
Water- Wheel  Governors,"  takes  up  these 
subjects  from  the  standpoint  that  there 
are  two  general  types  of  water  wheels  in 
use  in  America — one  the  turbine,  and 
the  other  the  impulse  or  impact  wheel. 
Numerous  cuts  are  shown  of  complete 
water  wheels  and  details  of  parts.  This 
is  a  particularly  exhaustive  article  on 
this  subject,  and  is  well  worthy  of  study 
by  anyone  interested  in  this  important 
subject. 

"Design  and  Construction  of  Small 
Dvnamos  and  Motors"  is  one  of  a  series 
of  articles  by  Cecil  Poole  on  the  subject, 
and,  as  the  title  indicates,  takes  up  the 
design  of  small  dynamo-electric  machin- 
ery. 
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A  Library  of  Architecture 

For  Stvidents   a^nd  Draftsmen 


VIGNOLA.— The  Five  Orders  of  Architecture,  to  which  are  added  the  Greek  Orders, 
edited  and  translated  by  Arthur  Lyman  Tuckerman.  One  quarto  volume,  cloth 
Price,  $5.00. 

BUILDING  CONSTRUCTION  AND  SUPERINTENDENCE.— Part  I-Masons* 

Work.  Sixth  edition,  421  pages,  250  illustrations.  Part  II  — Carpenters'  Work. 
Fourth  edition,  544  pages,  524  illustrations.  By  F.  E.  Kidder,  C.  E.,  Ph.  D., 
Architect.  Author  of  "The  Architects'  and  Builders'  Pocket  Book."  Each  volume 
is  independent  and  they  are  sold  separately.  The  volumes  are  large  8vos.  bound  in 
cloth.     Price,  $4.00  each. 

PRACTICAL  LESSONS  IN  ARCHITECTURAL  DRAWING.     Suited  to  the 

wants  of  architectural  students,  carpenters,  builders,  and  all  desirous  of  acquiring 
a  thorough  knowledge  of  architectural  drawing  and  construction.     By  William  B. 
Tuthill,   A.  M.,   Architect.      Twelfth  edition.      One  large  8vo.   volume,   oblong 
cloth.     Price,  $2.50. 

A  PRACTICAL  BOOK  ON  PERSPECTIVE.-Architectural  Perspective  for 
Beginners.  By  F.  A.  Wright,  Architect.  Fifth  edition,  revised.  Containing  11 
large  plates  and  full  descriptive  letter-press.  One  large  quarto,  handsomely  bound 
in  cloth.     Price.  $3.00. 

DETAILS  OF  BUILDING  CONSTRUCTION.-A  collection  of  33  plates  of  scale 
drawings,  with  introductory  text.  By  Clarence  A.-  Martin,  Asst.  Professor,  Col- 
lege of  Architecture,  Cornell  University.  This  book  is  10  x  12J  inches  in  size,  and 
substantially  bound  in  cloth.     Price,  $2.00. 

SANITARY  ENGINEERING  OF  BUILDINGS. -By  Wm.  Paul  Gerhard,  C.  E., 
Consulting  Engineer  for  Sanitary  Works.  One  large  8vo.  vol.,  454  pages,  103  illus- 
trations and  6  plates.     Price,  $5.00. 

SPECIFICATIONS.— A  Practical  System  for  Writing  Specifications  for  Buildings. 
By  W.  Frank  Bower.  This  is  the  first  and  only  work  ever  published  in  which  it 
has  been  attempted  to  make  a  complete  compilation  of  specification  matter  cover- 
ing, as  nearly  as  could  be  done,  every  possible  variety  of  structural  work.  One 
volume,  240  pages,  9x12  inches,  bound  in  dark  green  buckram,  lettered  in  alu- 
minum.    Price,  $5.00. 

Send  for  Catalogue  Number  Sixty-two 


Wm.  T.  Comstock,   Vtibli^her 
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Subscription  Price  $1.00  a  Year 
$1.50  to  Foreign  Countries 
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We  supply  Technical  and  Prac- 
tical Books  of  all  Descriptions 


Engineering  Review  Company 

1123  BROADWAY      ::      ::      NEW  YORK 


LITERATURE  -  ( Continued ) 

Among  Other  articles  worthy  of  men- 
tion are : 

Pumps  in  Central  Stations,  by  W.  T.  Ed- 
wards ; 

.Motor  Balancers  for  Three-wire  Systems, 
by  F.  W,  Appleton ; 

Armature  Tests  in  Repair  Shops,  by  A.  B. 
Weekes  ;  Grounding  Distribution  Systems. 

CATALOGUES 

The  North  Electric  Company,   Cleveland,   Ohio. 
Bulletins  Nos.  29 and  30.    Paper,  8  by  10  inches. 

Bulletin  No.  29  describes  "Divided- 
Circuit  Two-  and  Four-Party  Selective 
Magneto  Telephones"  made  by  this  corn- 
pan}-.  There  is  a  growing  demand,  espe- 
cially on  the  part  of  residence  subscrib- 
ers, for  a  service  which  can  be  furnished 
at  a  lower  rate  than  the  independent  line 
service ;  and  to  meet  this  demand,  these 
two-  and  four-party  selective  signaling 
instruments  have  been  designed.  These 
instruments  are  practically  identical,  the 
two-party  being  changeable  to  a  four- 
party  instrument  by  the  addition  of  a 
brassing  spring.  The  bulletin  describes 
a  number  of  improvements  which  have 
been  introduced,  and  shows  diagrams  of 
the  divided  circuits. 

Bulletin  Xo.  30  relates  to  "Cut-in 
Stations"  for  the  use  of  rural  or  toll  lines 
where  it  is  desired  to  separate  them  into 
two  or  more  sections  each  of  wrhich  may 
be  used  independently  of  the  other. 
These  cut-in  stations  accomplish  this  re- 
sult, and  at  the  same  time  make  it  impos- 
sible to  divide  the  line  so  as  to  leave  it 
without  a  ringer  at  the  terminus  of  each 
section  at  the  point  of  division. 

*** 

Penberthy  Injector  Company,  Detroit,  Michigan. 

Catalogue  No.  21.    Pages  64.    Pages,  6  by  9J4  inches. 

Illustrated  Catalogue  of  Penberthy 
injectors,  ejectors,  steam  rams,  water 
heaters,  and  other  specialties  manufact- 
ured by  this  company.  The  automatic  in- 
jector has  had  many  years  of  successful 
application ;  and  the  auto-positive  in- 
jector, more  recently  introduced,  is 
marked  by  extreme  simplicity  of  con- 
struction. Where  steam  pressures  run 
above  140  pounds,  or  where  the  tempera- 
ture of  the  feed  water  is  above  no  de- 
grees, this  injector  is  recommended.  The 
catalogue  gives  some  useful  hints  regard- 
ing selection  and  capacities  of  injectors. 
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EXPRESS 

PREPAID 

Five  Volumes. 

2500  Patfes. 

Size  of  Pace  8x10  inches. 

Bound  in  3-4  Red  Morocco. 

Cyclopedia  of  Applied  Electricity 

A  Practical   Guide  for  Mechanics.  Electricians,    Engineering   Students   and 
All  Persons  Interested  in  Electricity. 

Handsomely  and  durably  bound  in  H  red  Morocco,  profusely  illustrated  with  over  2000  full-page 

plates,  diagrams,  plans,  sections,  tables,  formulae,  etc.    Invaluable  alike  to  the  expert  electrician  and 

the  apprentice.     Every  section  written  by  an  acknowledged  authority.     Prepared  especially  for  practical 

everyday  use.    A  ready  reference  work  for  the  experienced  workman  who  has  no  knowledge  of  higher 

mathematics. 

SPECIAL   INTRODUCTORY  OFFER 

UNTIL  TVIA.RCH  30  we  will  on  receipt  of  $1.00  send  these  books  to  your  home  for  examination,  express 

■  prepaid.     Look  them  over  and  examine  them  at  your  leisure.    If  satisfied  send  us 

$2.00  down  and  $3.00  per  month  for  five  months.    Otherwise,  notify  us  and  we  will  refund  your  money,  send  shipping 

directions.      Regular   price    $30.00.     2500   sets  sold  before  the   books  .were  ready  for  delivery.      NOTE  — This 

special  offer  holds  good  only  until   MARCH    30   and  demands  prompt  action  to  secure  a  set. 
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CUT  OUT  COUPON 
AND  MAIL  TODAY 


Mention   The  Technical  World. 
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Young  Friend,  Do  You  Want 
to  Attend  College?  , 


1 


No  Money  Required! 

This  may  seem  startling,  but  it  is  a  fact  nevertheless, 
as  over  several  hundred  ambitious  young  people 
whom  we  have  helped  can  testify. 

YOU    DO    THE    STUDYING 
WE   PAY  THE   BILLS 

A  College  Education  is  Now  Within  Tour  Very  Grasp 

WILL   YOU    TAKE    IT? 

If  you  are  satisfied  with  mediocrity,  do  not  bother 
about  going  to  college.  If,  on  the  other  hand,  you 
desire  to  acquire  that  broader  training  which  will 
mean  real  success  in  life,  do  not  fail  to  accept  this 
wonderful  offer.  Take  your  first  step  successward 
by  writing  today  for  full  information  concerning  our 
scholarship  plan. 


—  ■»._•*'  /7  ;Hi*~~a*-t».        — 

SUCCESS  BUREAU  of  EDUCATION 


WASHINGTON  SQUARE 


NEW  YORK,  N.  Y. 
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"FOLLOW      THE        FLAG" 

Wabash  Line 

"BANNER    BLUE    LIMITED" 

BETWEEN 

St.  Louis  ^Chicago 

The     Finest     Day    Train     in    the   World 


CONSIST     OF     train: 


Combination  Baggage  Car  and  Smoker 
Combination  Coach  and  Chair  Car 

Combination  Dining  and  Buffet  Car 

Combination  Observation  and  Parlor  Car. 

Painted  in  Royal  Blue  and  Gold;  sS^KSlfc 

electricity;  finished  in  African  Mahogany  inlaid  ™*  ^^J^t 
ed  with  bevel  plate  and  cathedral  jewel  glass;  furnished^ with  Wi  ton 
carpets  and  upholstered  with  silk  plush;  Haviland  ^^"fT^*0 
cut  glass;  pantry,  kitchen  and  chef's  department  sp^ally  designed. 
everP  car  supplied  with  hot  and  cold  water  and  heated  by  steam. 


C.       S.       CRANE,      GENERAL      PASSENGER      AND     TICKET     AGENT 

ST.    LOUIS,    MO. 
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INDUSTRIES 

OFF  ER.  E  D 
LOCATIONS 


With  satisfactory  inducements, 
favorable  freight  rates,  good  labor 
conditions,  healthful  communities, 
on  the  lines  of 


THE  ILLINOIS  CENTRAL  RAILROAD 

AND    THE 

YAZOO  &  MISSISSIPPI  VALLEY  R.  R. 


For    full    information    and    descriptive 
pamphlet,  address 

J.  C.  CLAIR., 

Industrial  Commissioner, 

1  Park  Row.  Chicago.  111. 


Locations  for  Industries 

Erie  Railroad  System 
Chicago  to  New  York 


The  Erie  Railroad  System's  Industrial"  Depart- 
ment has  all  the  territory  traversed  by  the  railroad 
districted  in  relation  to  resources,  markets  and  ad- 
vantages for  manufacturing,  and  can  advise  with 
manufacturers  of  specific  products  as  to  suitable 
locations,  furnishing  them  with  current  information 
of  a  comprehensive  nature,  dealing  with  the  project 
in  its  full  relation  to  manufacture  and  commerce. 

The  Erie  is  one  of  the  greatest  of  trunk  lines.  Its 
own  rails  connect  the  two  largest  cities  of  America. 
Every  section  of  the  System  has  its  particular  merits. 
It  has  great  general  and  coal,  oil  and  natural  gas 
resources. 

It  is  important  in  this  age  of  modern  facilities  for 
manufacturers  to  locate  where  they  can  obtain  side 
tracks  so  as  to  receive  from  and  ship  directly  into 
•cars  at  the  factory.  Information  can  be  promptly 
furnished  in  this  connection  about  every  point  on 
the  system  between  Chicago  and  New  York. 

Manufacturers'  inquiries  as  to  locations  are  treated 
in  strict  confidence  and  absolutely  reliable  informa- 
tion, so  as  to  promote  permanent  traffic,  is  furnished. 
Address 

LUIS  JACKSON 

Industrial  Commissioner 
Erie   Railroad    Company 

21  Cortlandt  Street.  New  York 


MAGNIFICENT 
WATER   POWER 


which  will  develop  ten  thousand 
horse-power  With  this  is  included 
200  acres  at  dam  site  and  300  acres 
at  power  site.  The  property  should 
be  developed  in  connection  with 
the  generation  of  electricity  for 
power,  as  we  have  application  from 
numerous  industries  for  site  when 
developments  are  assured.  There 
are  also  a  number  of  towns  within 
a  radius  of  thirty  miles  ready  to 
contract  for  both  light  and  power. 

PAPER  AND  PULP  MILL 

One  hundred  million  cords  of  pulp 
wood  are  tributary,  extending  up 
the  river  for  a  distance  of  thirty 
miles,  and  commanding  as  well  a 
territory  of  several  hundred  miles 
connected  by  rail.  For  engineer's 
report  and  detailed  data  address, 

J.  W.  WHITE.  General  Industrial  Agent 

Portsmouth,  Virginia. 
SEABOARD    AIR.    LINE     RAILWAY 


CHICAGO    &c 


ALTON 


RAILWAY 


"The  Only  Way- 


THE  CHICAGO  &  ALTON 

runs  the  largest  passenger  engines 

in  the  world 

They  keep  the  trains  on  time 

Between  Chicago, 
St.  Louis, 
Kansas  City  and 
Peoria 

Geo.  J.  Charlton,  General  Passenger  Agent 

CHICAGO,  ILL. 
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Printing  for 
Advertisers 

IS    A    PARTICULAR    BUSINESS 


CLThe  returns  you  get  depend  greatly 
on  the  way  your  printing  is  done. 

QTou  know  this. 

HlFe  know  how  to  do  the  printing 
that  makes  your  appropriation  profit- 
able to  you.    We  not  only  say  so — but 

C,Let  us  prove  it. 

THE  TECHNICAL  WORLD 

is  good  evidence  that  we  know  how  to  print. 

CPhone  or  write  for  other  specimens 
of  our    work    and    let    us    do    business. 


W.  P.  Dunn  Company 

PRINTERS  FOR  ADVERTISERS 

Phone,   Main    2191.    167   Adams   Street,   Chicago,   Illinois 


-fi 
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Model  H,  detachable  rear  entrance  tonneau,  convertible  in  five  min- 
utes into  runabout,  and  with  the  addition  of  top  at  a  cost  of  $100, 
into  delivery  wagon.  8  h.  p.  ample  for  grades  up  to  40  per  cent. 
Speed  up  to  25  miles  an  hour.  $850  complete  with  brass  oil  side 
lamps,  tools,  oilers,  pump  and  repair  kit.      Immediate  delivery. 

This  touring  car  can  be  operated  with  such  freedom  from  repairs 
that  the  pleasure  of  touring  in  it  is  not  marred  by  expense  or  waste 
of  time.  All  working  parts  can  be  easily  inspected  by  removing 
the  hinged  floor  and  seat  falls,  without  crawling  under  the  machine. 

Send  for  a  copy  of  the  February  issue  of  THE  RAMBLER  MAGAZINE 
(free)  containing  a  description  of  our  factory  and  accounts  of  trips  made 
in  various  models,  together  with  hints  regarding  the  care  and  repair  of 
automobiles,  and  many  other  items  of  interest. 

Thomas   B.   Jeffery  &  Company 

Main      Office     and     Factory:       KENOSHA.     WISCONSIN 


New  York  Agency 

134  West  38th 

Street 


Chicago,  .  . 
Boston,  .  . 
Philadelphia, 


Branches 

302-304  Wabash  Avenne 

.    145  Columbus  Avenue 

242  North  Broad  Street 


Representatives  in  all 

other  leading 

cities 
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Wake  Up,  Old  Man,  Wake  Up! 


Be  a  Booh-Keeper 


Be  a  FIRST-CLASS   Book-keeper! 


You    Will    Never    Fall    Asleep    Over    Your    Work 

or  be  troubled  over  lonu  columns  of  figures,  if  you  will  purchase  and  master  the 
contents  of  "Goodwin's  Improved  Book-keeping  and  Business  Man- 
ual." This  book  is  not  a  luxury  but  a  necessity— particularly  to  the  progress- 
ive. It  leads  directly  to  money-making  and  money-saving.  You  can  learn 
from  it  within  six  weeks'  home  study  how  to  open,  keep  and  close  ANY 
sri  of  double  entry  books,  in  the  most  modern,  "up-to-date"  manner;  change  from  single  to  double  entry; 
locate  errors  in  trial  balances;  prove  postings;  improve,  devise  and  install  systems;  adjust  complicated  accounts; 
audit  accounts;  average  accounts;  compute  interest;  calculate  quickly:  figure  manufacturing  costs;  teach  book- 
keeping  ;  earn  money  as  an  auditor  or  public  accountant ;  save  one-third  labor ;  minimize  expenses  .  make  "balance 
sheets;"  render  comparative  and  statistical  statements;  keep  books  for  or  manage  a  stock  company  or  manu- 
facturing concern,  and  more  — MUCH  more!  "!  Why  go  to  "college"  to  Learn  Book-keeping  and 
spend  from  $60  to  $600  of  money  and  from  6  to  16  months  of  time  to  learn  an  antiquated  system,  full  of  super- 
fluities, when  the  undersigned,  who  has  had  32  years'  practical  experience  as  an  accountant,  will,  for  the  small  sum 
of  $3.00,  qualify  you  at  your  own  home  within  6  weeks  time  to  fill  ANY  position  where  a  first-class  book- 
keeper may  be  required  or  REFUND  MONEY  !  Could  anything  be  fairer?  Price  (for  book  and  "course1.  $3.00. 
Size  of  book,  7x  lOinches;  301  pages;  handsomely  bound;  75,797  copies  sold!  Send  for  further  particulars, 
or  enclose  83.00  in  manner  directed  below,  and  you  will  "get  your  money's  worth!"  1  I  Find  POSITIONS. 
Too,  Everywhere.  FREE  OF  CHARGE!  The  undersigned  supplies  more  business  houses  with  book-keeppl  -- 
than  any  ten  "commercial  schools"  which  could  be  named,  and  there  is  a  greater  demand  for  GOODWIN 
BOOK-KEEPERS  than  for  any  other  kind.  Distance  and  experience  immaterial.  Have  7,H<>7  TESTIMONIALS 
PUPILS1    Perhaps  I  can  place  YOU.  TOO! 

A  copy  of  "Goodwin's  Practical  Instruction  for  Business  Men,"  an  extremely  valuable  book— price  81.00,  will  lie 
•nr.   KKKK  OK  CHARGE,  to  those  who  will  cut  out  this  "card."  pin  &S.O0  to  it,  and  send   lor  the  book  and  "course" 
ii  n  ,■  advertised,  so  be  sure  to  either  use  it  yourself  or  hand  it  to  somebody  else  to  use— as  it  i^  worth  (ink  DOLUS 
l\  (  (Ml  TO  THE  I  SKK  ! 


J.  H.  GOODWIN,   Room  203,    1215  Broadway,  NEW  YORK 


Works  of  Theodore  Roosevelt 

15  Volumes  Sent  FREE  on  Approval 


A  handsome  set  of  15  volumes,  comprising  the 
works  of  Theodore  Roosevelt,  will  be  sent  FREE 
on  approval,  express  charges  prepaid,  to  any  part  of 
the  United  States.     The  titles  are  as  follows: 


American  Ideals 
Wilderness  Hunter 
Hunting  the  Grisly- 
Hunting  Trips  of  a 

Ranchman 
Hunting  Trips  on 

the  Prairie 


Administration  and 
Civil  Service 

The  Rough  Riders 

Winning  of  the  West 

6  vols. 
Naval  War  of  1812 

2  vols. 


ume.     This  offer  will  not  appear  again,  as  I  only  have  a  limited 
number  to  offer  at  this  price.    If  you  do  not  consider  them  worth 
•S22.50  you  may  return  them  at  my  expense. 


ROBERT  N.  HAYS,  Publisher  ''^/.'Sr 


All  bound  in  genuine  half  calf,  gilt  top. 
Regular  price  is  $22.50,  but  in  order  to 
secure  your  name  for  my  mailing  list  I 
will  send  you  this  handsome  set  for 
$12.50,  which  is  practically  half 
price,  or  less  than  $1. 00  per  vol-       /  <>'  />V 
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THE   IMPROVED 

ton 
Garter 

KNOWN  AND 

WORN  ALL  OVER 

THE  WORLD 

The  NAME  Is  Stamped 


]&* 


CUSHION 
BUTTON 


CLASP 

Lies  flat  to  the  leg-never 
slips,  tears,  nor  unfastens 

VERY   PAIR  WARRANTED 

GEO.  FROST  CO.,  Makers 
Boston,  Mass.,  U.S.A. 


ALWAYS    EASY 


JUL  13  1904 


The  Saving 

of 

Time 

is  an  important  con- 
sideration in  your 
business. 

C.  Let  us  demon- 
strate where, 
when  and  how 
the  Perry  Time 
Stamp  will  save 
time,  and  incident- 
ally, money  for 
you  in  the  Handling 
of  Correspondence, 
Filling  of  Orders, 
Keeping  Accurate 
Costs  in  Factory, 
etc.,  etc.  Others 
find  it  profitable. 
Particulars  free. 

\  Perry  Time 
#  Stamp  Co. 


RECEIVED. 

COUNTRY  SHIPPING  DEPT 


11  W.  Madison  St. 
Chicago 


vose 


PIANOS 


Benjamin  Wireless  Clusters 


MULTIPLE 

2  to  7  Lights 

Ceiling     or 
Pendant    Forms. 

For    Indoor     and 
Outdoor  Lighting. 


SERIES 

2  to  5  Lights 

Ceiling     or 
Pendant  Foims. 

Car    Clusters. 
Wiite  (or 
Bulletin 
No.  VoH 


NATIONAL    CODE    STANDARD    (FIBRE    LINED) 

Bushing  at  center  has  knock-out  portion  to  accom- 
modate cord  for  switch  or  extension  light.  Write  for 
catalogue  of  Benjamin  lighting  specialties. 


BENJAMIN    ELECTRIC 

Atlantic   Building, 


MFG.    CO. 

Chicago 


0  LDS  HifflJjB 

ECONOMICAL  POWER 

In  sending   out   their  last  specifications    for 
gasoline  engines  for  West  Point,  the  U.  S.  War 
Department  required  them  "to  be  Olds  Engines 
or    equal."    They  excel  all  others  or  the   U.  S. 
Government  would  not  demand  them. 
They  are  the  horizontal  type.  2  to  100  H.  P..  and 
are  so  simply  and  perfectly  made  that  it  requires 
no  experience  to  run  them  and 

Repairs  Practically  Cost  Nothing. 

Send  for  catalog  of  our  Wizard  Engine  2  to  8 
H.  P.,  (Spark  ignition  system,  the  eame  as  in 
the  famous  Oldsmobile.)     The  most  economi- 
cal small  power  engine  made;  fitted  with 
elthei     pump    jack   or    direct-connected 
pump.     Or,  our  general  catalog,  show- 
ing all  sizes. 

..Olds  Gasoline  Engine  WorlU, 

LA.NSI.NQ,  BKHKiA.N 


have  been  established  over  50  YEARS.  By  our 
system  of  payments  every  family  in  moderate  cir- 
cumstances can  own  a  VOSE  piano.  We  take  old 
instruments  in  exchange  and  deliver  the  new  piano 
in  your  home  free  of  expense.        Write  for  Catalogue  D  and  explanations. 

VOSE  (EL  SONS  PIANO  CO..  160  Boylston  St..  Boston,  Mass. 


; 

PRIH77AS 


